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. . . VR TR
PR For many yeats those responsible for teaching automogive emigsio® contrdl have felt a N
need for instructional materials to use in this area. A team of teachers, industry representa- )
tives,. and irar(xa and industrial education staff membérs accepted this challengé and have
“w v PRRSEN B¥ TR ¥ . . ’ .

< Ty - produced maryials which will meet tpe needs .ot many- types of courses where students are

. =« .. fBxpected to become proficignt in the area of autometye emission control. The MAVCC

.. <+ Automotive Emission Cqgtrol publication 1s designed to supplement the existing auto
UL B 'X mechanics instructional materials currently ‘used by school system personnel. .

[

.

. e

- . . Every effort has been made to make, this publication basic, readable, and by all means
. usable. Three vital parts of instruction have been intentionally omitted from this publication:

. W e motivation, personalization, and localizatipn: These arg?s are left to the individual instruetors

- ' ang the instructors should capitalize’on them.pnly then will this gublication really, become

- ¢ a vital part of the teaching-learning process. . . . -~ . .
. 4 A »

.
. .
. . . . ., .

- < € . - - *

. T In addition, we woulg-appreciate your help. We che_'ck far content quaﬁty,;speljing, and °
< < &, T typographical errors many times in the development of a manual. Itis still possible, however; =

H H . o . * « -~ -
s * “«“for an error‘to show up in a publication. e . o Y% -
- «~ a . . -

[
L9 - -

. < . . c- If, in.the'use gf-this publication, you shobild figd saﬁwéthi[;g-questlpn'pbl‘e;y.ve wouLd“\z.
CI . . - appreciate you. bringing it to our attentioh. A, copy of the page or pages iR ‘question wifth .
. i yolir sulgestions for correetjon wou ld'\ceﬁainly help: us when wye revise and update.materials. '

. .- P <

[

.t . oY e . H DR . .
.s. -, - . . We'te tryingto.provide you withf the Best possibte turriqujum méterials ag'nd,will\cer- L
'..' ' .. " tainly Yippreciate your help if. detectir)g argas' where poss’Lb'Ie corrections_-arg needed to, ,_-'.‘ '

- . . - . L
. maintain the quality you wantand desetve. . e o . -,
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; | .. FOREWORD e .,
4 .0 | . . . \ ’ l,
. T » TN e, T '

. N >
The-"Mid-America* Vocattonal Curriculum Gon?ortium\(MAVCC) wag organized for
" . the purpose of developing instructional material for the twelve member state§, Priorities !
. for developing. MAVCC material are determined annually based on the needs as identif\ed N .
= by all member states. One of the priorities identified was autdmotive emissioncontrol’ Thise -

\ public\::]tion'is designed to: provide the needed instrictional material to supblement auto "
.- a “_ hd L]

- mechahic programs. . .
+ ) hd * ..» ~ - ° " ]
- 4? ‘ : The s'uccessio_f this publication is due, in large part, to the capabjities of the personnel * °

« - who worked with its development. The technical write ha several years of industry as weft . — -~
.. asteaching experience. Assisting him in his efforts were representative®o¥ the aato Mechapic ~
-, Rrofession who brought wjth~them techniggl expertise ari“the experiehce related 1o the -
. classroom and to the trade, Joassure tHat the materials woufd parallet the.industr‘ envirbﬁ'-' -
. . meht and Be acceptéd s a transportsble bsic teaching toé, ‘orgam"za}&ous_ end industgy 5,
\- ‘represeritatives-wgre.involved in the develophental phases of the manual. Appreciagion’is - * ]
. p e -, . L ot .- ATV .
. e * . extended to them for their aluable contributions to the manaal, s - ¢ % : . |
- o’ . . e, " - v . , =%
S . " This publication s designeq t& agsist feachers B’imprp‘vin?' instruétjon. As.these pub-: ., - -
¢ T # lications are used, Tt hoped that the studentrperfomange will improve agd‘that students . .*
) will be Better ‘ableto assurhe 3 role ih-their chpsen’octupaticn, automobile pépair.” ¢ = = < -

- 3 . -
4 -
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} Do e T LTET T T % TN
A o ‘el Instructignak ratejjaks in this publication’ are’weitteri in‘ter.mzof-é[ugent perfofmance o
- “ .+ uslng freasurable ebjeclives:. This.is an_innovatiye apgroach towleacting that actents and™

s g o b aygments the teaching/learningprocess. Criteriep referenced evaluation instrumepts are =~ ~ .
." .. " providey for uniform measurément of student progress: In addition to eyaluating retall . - +* -
.. .- infd¥mation, “teachgis are e?wcoufageg‘ 1q evaluaefhe other *arkas including process and
a s R “.product as inticated at the end of each instruggiodal uhit. .~ .o ’rooL
g . .-"..'.: .:“,;. v . . N - R

LY - - 'Y

. - - - N
- . - - -

.

+ . [ 4 . N P
"'-‘ijg_ghe sincerg BEfief of the MAVCC personnel and those members who served on the
o e TAAVISOTYCOMMIittee-that *his publication” will8tlow the students to_become better'prepared -
e e -and more effective mgmbers of the work force.

- - - .
oS
. -—
-
-
-

Pat Lindley, Chairman
« e Board of Directors
: Mid-America Vacational
Curriculum Consortium
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. ) . | .. U "‘:’ . . P . PR | “ e .*
s n ructiona mts g . . - . , . . :
e 2 g »"T - - - ":' P ‘ ?’ ‘! '] . ....

'- .
- ” e * The tofnot/ye Em/sswn Contro/ cumc&frm mcludes sixteen unidg .£ach°|nstwc,
o '. . _» toral umt lddes some or-all.of the basic components-8f a #mt of unstrucﬂoh Jperf6r-
' 47+ Lw-ance é??sectweuﬁﬁggested actuv'iresfor teacher and students,, nformatton sheets, assign-
R S A m;entih job sheets, visyal ands tests, ‘and answers tdthe test; Units are pIanned for more

P - - . » wr

< -":* , tharfone Iesson,or cl'as's pewod of instruction. * . . .
. - - 0
e . .- £ . ¥ , .
A < < Careful stﬁ'd'y of each instru_ctional unit bi/ the teacher will help to determine.
- .. ) A, The amount df material that can be covered in each class perlod ﬁ
S0 . ' . B e skills which must be demonstrated . v
" T™~Supplies needed AN o .
o /' 2. Equipment needed - ‘ -
3. Amount-of practice needed . ' . .

4. Amount of class time needed for demonstratuons g
C. Supplementary materials such as pamphlets ar fllmstrlps that must be or

D. Resource peopke that must be contacted -
. - Objectives ' ‘ , .
. . ' : - .
‘ L Eacthtruction is based oh performance objectives. These objectives state the

goals of the‘:ourse, thus providing a sense o\direction and accomplishment for the student.
N 1

) Performance objectives are stated in two forms: unit objectives, stating the subject

- " matter to be covered in a unit of |nstructr0n and specific objectlves stating the student per-

formance necessary to reach the unit objective. :

. , Since the objectivds of the unit provide direction for the teaching-learning process, it
is |mportant for the teacher and students to have'a common understandrng of the intent of
the objectives. A limited number of performance terms have 'been used in the objectlves
for this curriculum to assist in promoting’the effectrveness of the commynication among all
individuals using the materials.

Following is a list of performance terrns and their synonyms which may have been used
in this material: .

Name lldentifx o Describe 30
. Label Select Define
’ List in writing © Mark Discuss in writing
List orally . Point out Discuss orally
Letter ‘ Pick out Interpret
‘Record Choose « Tell how
' Repeat 4 Locate / Tell what ,
‘ ‘ Give Explain
L. '] ; \ I

CERIC |, : i 9 ,




Qrder Tt . ' Distinguish % ° - < Construct -

X ',Affange - . Diseriminate R » Draw o
Sequeuce S -, L. © ., Make
List in erder ) ‘. ‘ Build
Classify - - . ’ .~ .  Design
Divide _ . s " Formulate
Isolate : - " . <Transcribe
Sort 3 ’ Reduce

. Increase

. . T Figure
Demonstrate v
Show your work . )
Show procedure ‘ : .
Perform an experiment ) T .
Perform the steps ‘ - )
Operate .
Remove
Replace \ . . -1
Turn off/on \ o .

(Dis) assemble | : : .
(Dis) connect r\ {‘ . ) .

I\Read'mg of the objectives by the student should be followed by a class discussion ‘

to answer any questions concerning’performance requirements for each instructional unit.

[N - !
"Instructors should feel free to add objectjves which will fit the material to the needs

of the students and community. When a teaeher adds objectives, he/she should remember -

to supply the needed information, assignment and/or job sheets, and criterion tests. »

Suggested Activities N oo *

+

v

Each unit of instructioh has a suggested activities sheet outlining st'eps to follow
in accomplshing specific *objectives. Duties of the instructdg will vary according to the
particular unit. However, for best use of the material they sho include the following:
provide students with objectlve sheet, mformatuon sheet, assignment sheets, and job sheets;
preview filmstrip€, make transparencnes and arrange for resource
discuss unit and sp?,g,tlc objectives, information sheet, and assignment sheets; demonstrate
and disiuss-procedures outlined on job sheets; give test. Teachers are encouraged to use any

additional instructional activities and teaching mett'lods to aid students in dccomplishing the
" objectives. )
S . . - ' .
Information Sheet >

»
. - -

The information sheet providescontent essential far meeting the cognitive, (knowledge)
objectives of the uni®” The teacher will find that’the information sheet serves as an excellent
guude for presenting the background knowledge necessary to develop the skill specified
in t¢he unit objective. -

.
g

Studen'fs should read the information sheet before the information is duscussed n
class. Students may take additional nofes on the information sheet.

. N
.
- * -* 0
3
~ 10
, .

: X,

!
|
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. _* Transparency Masters ' A S ] : )

Transparency masters, provide information N a special way. The stugents may see -

‘s as well as hear the material being presepted, thus reinforcing the Iearnmg process. Trans- -

. arencies may present new information op they may reinforce information presented inthe ~ ™ .
information sheet They are particularly effective when identificatron is necessary. R
. Transparencues should be made and placed in the notebook where they will be imme: .

- *  diately available for use. Transparencnes direct the class's attention to the toplc of discussion.

They should be left on the screen only when topics shown are under discussion. (NOTE:

Stand away from the overhead projector when discussing transparency materlal The noise
* of the pro;ector may cause the teacher to speak tot loudly.) ‘ . -

“
\

1

B
»

Assignment Sheets p

” N -
- 1
) Assignment- sheets give d|rect|on to study and furnish praetlce for paper and pencil
activities to develop the knowledges which are necessary prerequisites to skill development ’
These may be given'to the student for completion in class or used for homewerk assign-  * .
ments. Answer sheets are provuded which may be used by the student and/or teacher for
checking student progress.

.

< - . [4 e

' ‘ . Job Sheets X .
1

" Job sheets are an important segment of each -unit. "The instructor should be able to
and in most situations should demonstrate the skills outlined in the job sheets. Procedures
outlined in the job sheets give direction to the skill belng taught and allow both stident and \

- teacher to check student’ progress toward the accomplishment of the skill. Job sheets

- provide a ready outllne for a student to follow if he/she has missed .a demonstration. Job

*sheets also furnish potentlal employers with a picture of the skills being faught and the

performances she/he might.reasonaply expect from a pefson who has had this training.

PARRY [ -
. rd
. ° .
v 4 .

e Test and Evaluatioh X - ‘e : -
) . ' ' - B
) Paper-pencil and performanice tests have been constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulle
out and used as a short test to determine student achievement of a particular objective.
This kind of testing may be used as a daily quiz and will help the teacher spot difficultigs, -
being encountered by students in their efforts to accomplish the unit objective. Test ite

for objectives added by the teacher should be constructed and added to the test.

Test Answers ’
Test answers are provided for each umt These may be used by the teacher and/or

student‘for checking student achievement of the objectives. e 1

F’{" MC . L " : “ Xiii 11 ) - i . o




Automotive Emission’Control

Instructional ‘Analysis : i

Joh Training Whatrthe. " Related Information. What

Worker Should Be Able to Do : the Worker Should Kng
(Psychomotor)* ™\ (Cognitive) .

0

, . 1. Terms
2. Smc;g aﬁd photochemical smog
3. Sources of air pollution

* 4. Federal regulations

5. Clean Air Act ‘ -

. RN
- . \
< _ 6. Areas of automotive emission cantrot
- " Unit 117 Intednal Combustion Engine*Pollutants
o o 1. Tefms '
“ .. i . ) * R
2 I-{ydrocarbons : N

' \ 3. ‘Oxides-of nitrogen. v -
}

. 4. Health'hazards

Unit 111:-Origin of Internal Combustion Engine.Pol'lut'ants
’ i

1. Terms . . :
. »
o g 2. Sources of unburned emissions
| ; 3. Tauses of incomplete combustion
' >
. 4. Ornigin of emissions :
’ 5. Engine variablés

Unit 1V: Heateg Air Induction Systems
. 1. Terms .
2. Purpose
3. Typés of systems

4. QOperation




M " ' :
Y
+ Job Training: What the _ Related Information” What
- Worker Should Be Able 5 Do R the Worker Should Know .
, (Psychomotor) - (Cognitive) ° .
5. Determine préper operation of the  ~ ‘
- vacuum, motor system . - PR
6. Chéck vacuum diaphragm unit for ' -
leaks . E .
L - . ) ) v ) ! ‘
" 7. Check f the ~ ' '
71 eck proper pperation of therme- o
statically controllg&ystem ] v .
8. Cheek proper operation of vacuum - ) A y .
- " controlled system o ; R .
s I‘ -
. 9. *Check proper Qpe'rati.on of vacuym -~ : er ey
overridé unit  _* )

Unit V: Evaporative Emissions Control System

. ¢ .
-, .

©e i 1. Purpose e

2. Components and functions

. . . i .

i 3. \Methods of carburetor vapor
. ) ' control

/

- - 4. Operation of system

’

o : — . . ) .
- 5. Change charcoal canister filter \ : . . = <
. 6. Test fiiel tank filler cap . ) )
': O ~ ) ’ L3
Unit VI: Engine Modification L
‘. . 1. Purpose
’ Y ) / : ' | ¢ L -
© 2. Effects on emissions .
‘o . . ’ - : .
. . . Unit VII: Carburetor Modifications .
\ d ’ b . Lo
. . *« 1. Rurpose ‘
I . _ 2. Components which have been
-, . . .
. . , ¢ modified VRV
S . _ )
‘ ©L . , 3. Effect of modification
et :
. .. ’ " [ ‘ f .
' 4 - ¢ "')Wl - + J 20
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Job“Training: What the .

Worker Should Be Able to Do

* - fPsychomotor) T
- B .

-

-
-

". ’.. . \

> s

i

14 . .

6. Test thermostatic vacuum switch

2. Test vacuum advance unit

.

>

7. - Determine operation of transmission
controlled spark systems o

»

5. Check operatioh of exhaust crossover
b system

Unit VHI Ignition Timing System
ce

Unit 1X: Spark Advance Controls

Unit X: Exhaust Crossqver System

: \ °
" .« . \os
Related Information; What 3 .
the Worker Should Xnow. - '
(Cognitive) *

1. Compdn’gnts and. functions

- S o
s,

2. Purpose

3. Thermostatic vécuum switch
4]/,\Dual diaphragm vacuum advance unit

5. Opeyat:o{n of gold start spark advance ,
system

1. Purpose

2. Components and functions
-
3. Abbreviations .o .

4. Transmissjon regulated spark system »

5. Speed controlled spark system

,

6. Comyonents of different systems

omponents and functions
urpose
3. Effects

4. Operation of system .

‘ . -
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Job Training. What the Related tnfor 'ati}m: What

Worker Should Be Able to Do - the Worker Shobid Kfiew _
‘ ¢’ (Psychomotos) T . fFogmtive) ) . '
| L | . Uni} Xl: Ex‘ha(ﬂst Gas'Reci'rcuiation System e , o
‘.:‘1 ) . { Components and f‘un‘cu'ons‘ , [
R Y 2. Purpose ' . o ) 'n
. # 3. Operation of system ' ! :
4 .Check operation of exhéust gés s . -
recirculation system .
Unit XII: Pos:t-ive_Crankcase .Ve‘ntilation System . N
t ‘1_ P{erose ) ‘ . ‘ i d
‘ 2. Operati&n of sy;tem ‘ .
3 Make test of PCV system \ ‘ i - )

/._4.’ Test PCV system with tachometer . -

Unit XII1: Air Injection System

.

1. Parts and functions *
- ° . a
2. Purpose
. . 3. Operation ®f system
’ ' 4. Diverter valve . T
. . . i
5. Functions and effects of valves
. 6. Components of computer controlled .
systems .
- . - 7. Components of pulse air injection °
\ ~ ' , system ’ :
- . ‘ -
. i . i ’
' 8. Operhtuon of pulse air Injection system
A A
. 9. Imspect air manifold and hoses ‘
« 10 Inspect drive belt and set correct tension , . -
11. Check air purhp output .
‘ -
. e .
12. «Checkdiverter valve operation ) ) . . .

. ' “
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. Job Training: What the, . Related Information: WHat
Warker Shouid Be Ablé to Do . ’ the Worker Should Kpbw ~

«\  &Psychomotor) {Cognitive)

Upit XVI: Testing ' : - X

* 1. Purpose for testing .

) . . 2. Emission control devites and functions -
- ’ * ' ¢ N N - .‘ :
b 3. Rules for testing S ~ ’
4. Perform a basic check of emission_ ‘ .
control devices . ' |
N 5. Test dual diaphram vacuum advance unit *
N [ H !
. \ I .
6. Adjustidle of an engine . ' ' .
. . . . )
. -—(’ + * ¢
' *
) s ' P ‘
» 1
L4 -
Y . '
- » R N ] .
. .
. ¢ o s »
h ’ L '
o ! ' .
L
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Job Training: What the

Related Information* What

=

FETIN
Should Be Able to Do the Worker Should Know
(Psychomotor) ) (Cognitive) * .
' . i - . .
13. Irspecf check valve operation ‘
- !
14. Check vacuum differential valve : '
operation \
15.. Check proper operation of auxiliary . :
. control mechanjsms T
Unit X1V: Catalytic Converter Systems \_/ v
: : ‘ ¢ v
‘ 1. Terms
' 2. Components and functions « v
J., » 3. Purpose
4. Types
[ ]
. 5. Components of TWC
V 6. Function of COC 4
<o ( ) . 7. Function of TWC .
¥ 8. Operation of catalytic converter pro._ .
= tection system S
v 9. Purposes of nonleaded gasoline

10. Replace catalyst in converter
11. Check operation of catalytic converter
protection system
’

~ -
v »

Unit XV: Electronic Controls,

1. Components and functigns

2. ldentification of components
3. Processes of electronic control module-
4. Basic operation of electrcnit con )

trolled engine system



. - TOOL AND'EQUIPMENT LIST

.
» -
. - . .
R P ' N

The following tools and equfpment are'necesséry fo complete the procedures-as outlined on *
the job sheets in this publication. . ' .

.

. ,‘

I

Basic shop tools ;
Vacuum pump , . ‘ R \ ‘
Vacuum gauge . ° o C C SR
Bleed valve N - ‘ .
¢ Shutoff valve Lo -
‘ Freon canister ,
External heat source ' ’ ) T ‘
Thermostat - .
Tachometer . : -
Line plugs . e . el
. Timing light - ' - ,
{ . Protective gloves ) : T _
3 . Pry bar : : . ) :
Belt tension gauge . '
Electrical leads ‘ T oo
General Motors Tool #J-25077 set »
. Anti-seéze compound , .
- Repiacement catalyst ™
Belt tension tool’ - S
. . . 7 Hoseplugs - o . B
. , " Propane cylur‘ader and attachment tools ., ° . Y

LI v . . LG

—

s~
»

ERIC . 18 | .

Aruitoxt provided by Eic: R \ -
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- JNTRODUCTION TO AUTOMOTIVE EMISSION CONTROL :
\ ) CUNIT ~ .o :
- “UNIT OBJECTIVE ~ - E

\
. . \ . o . .
After completlon of this unit, the student shoultd be able to defme automotlvéem%mn
«control and descnbe government mvolvement in the regulation of motor vehicle’ emissions.

This knowledge will be evidenced by scoring 85 percent on the unit test. '

! oo
.
-

SPECIFIC OBJECTIVES
' ¢

After completion of this unit, the student should be able to:

1. Define automotive emission control. . .
. 1]

\ » . i
., 2. Distinguish between smog and-photochemical smog. ’ L -

3 List two sources of air pollution related to motor vehlcles
. ‘ . [ -

4. Descnbe bnefly hoM th&e federal government has become involved in the regu-
. f_ ' latlon of motor vehicle em:ssuons

b [N

. 5 “List the two parts of the Cleap Air Act which Telate to automobile emissions. ™

. 6. Match areas of automotive emission control to their descriptions. .+’ ® :




. T o T T
R -0 .- AEC3
* . X . \ R . ‘ - - ) ) : . Co- . ' -
B INTRODUCTION TO AUTOMOTIVE EMISSION CONTROL
- - L L UNAT o }
L * SUGGESTED ACTIVITIES - -
L Instructor: o '. ‘ ‘, . ’ f.' L -

A. Provide'students with objective sheet.

B . +B. Provide students with information shegts. .
’ - €. Make transparency. ‘ . .
\ D. aDiscuss unit and spes:.ific objectives. -
E. Discuss infvbr_matic.)n shegt. et »

P Lead discussion aBout different * types of 'automogivg erhission control

systems. - .
- \ - .‘/ 4
: G. .Give test. '
Il. ~ Student! . _ - . -
. A.. Read objective sheet. v ' C i
£ . ) .
B." Study information sheet. . - ‘ B

. " gs\ - . c

o C. Take test: T ' ( o : ,
ta L4 . . L
Lo . oL : : ,

. INSTRUCTIONAL M;\_TERIAES T L
R -‘Inélud;ed‘ irf this unit: ] - ) ’ B K e *
A, ‘O.bj'ective ;heet' '.' - . . - "5 ;-'4
B, "Ir‘mfom;ati(.)n.sheéts ' oY ‘\ ‘ ) I
i $. Tra}rsparency maste‘r‘#1--.Pﬁotochemical Smé)g.ovt'er City K .
o .’I:‘ési . o . | ) - o
_E Ansv:gers totest - C . - . _
g le$ Refergpchs: s T ' ' . c -
ﬁl. A, %orado Plan for the Control of Motor Vehicle Emissions. Air‘ Poll‘ution o )
- . Control Division/Colorado Department of Health. Interim Report, February
8, 1973 . Co : ' T
' ‘ - ‘ ) . R
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.

R ' B. Vehicle Emission Control. Detrojt, Mich.: Gargano Promotions, 1973.
C. Glénn, Harold T. Glenn's -Emussion Control Systems. Chicago, Il Hen‘ry
, . ’ Regnery €o., 1972 . ! .
D . D. Pryde, Lucy T. Environmental Chem/stry An Introduct/on MenIoPark,
. ‘ . California: Cumiings Publlshung Co., 1973 ‘ .
N N ‘ . V. - o ; r
. E. Williamson, S. J. Fundamentals of Air Pollution. Reading, Mass Addison-
. ' ‘ Wesley Publishing Co., 1973.

F. Crouse, William H. and Donald ‘L. Anglin. The Auto Book, second edi-
tion. New York: Gregg Division/McGraw-HiII Book Company, 1979. /J

'G. U.S. Government. The Clean Air Act-1974 Amendment& Washington, D.C.:
Environmental Proteetion Agency, 1974. - - .
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INTRODUCTION TO AUTOMOTIVE EMISSION CONTROL
‘ UNITI

-
>

INFORMATION SHEET T

L]
-~ *

I Automotive emission control--Any control that reduces pollutant emission
from the automobile

L Smog and photochemical smog (¥ransparency 1) '
A. - Smog-Condition resulting from the mixture of smoke, fog, and parti-
. culates 4 : B D . :
(NOTE: ﬁ'hus condutuqn has existed for some time in different parts of
+ the world tt is attributed to the death of several hundred people )
B. Photochemigal smog«Condntuon «that results )from hydrocarbons and oxides .
of nitrogen chfmically changing in the presence of sunlight : . ' -
- (NOTE: This condition can cause burnrng of the eyes, Iuhg irritation, plant
* damage, the decomposmon of rubber and possibly death.) i
a . , o

ll. ~ Sources-of air pollution related to motor vehicles . | -

[
Y

A. Combustion as a result of the oxidation or b_urhing of any substance in
an automotive engine that can-be used as a fuel )
{NOTE: The results of thls combustlon glve off hydrocarbons carbon
" maqnoxide, particulates and.axides of nitrogen, aII of which-are consndered
air pollutants.) N

B. Evaporatipq of liquid fuel into the atmosphere

(NOTE: Parts of the_fuel itself, such as lead and sulfur, as well as asbestos
from brake linings and rubber from the tires, are sources of air pollution.)

)

Iv. Federal government involvement in regulation of motor vehicle emissions

A. 1963--Clean Air Act was enacted into faw g

) B. 1966-Motor Vehi,cle‘AirlPolIut'ion Control Act amendments ~ . | o
’ C. 1970--Erwirorimenta htectihn Ageficy (EPA) wésestablished ) B 4 |
¢ T INOTE: One of‘“hg;k»ﬁhrha;y“re;pohsnbmtfes IS to aid the states in i\
*  attaining at desurable aur quality standard. ) ‘ & e .
) » | | o AR
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INFORMATION SHEET

.

1971--National stanaards “for ambient air quality established

e, oxndes of nitrogen and partlculates Standards for cars made in 1980 are
foHOws . J !

’ )

HC--0.41 gram per vEhicle mile

2

. W . s

CO--7.0 grams per vehicle mile

]
NO-2.Q grams per vehicle mile.) )
—
- Vs  Parts of the Clean Air Act}?ﬁﬁhﬁdﬁe to automaobile emissions .
fow - - ' [ - ”

Vi,

‘A. Title |, Section 101--General description of the act

.
.
§

. : . : »
B. Title Il, Section 201, Part A-Motor Vehicle Emission and Fuel Standards
. . 7 . . )
~ Areas of automotive emissign controls . o , )
A. Precombustion controls—~DeV|ces or systems that reduce emissions before
combustion takes place * \
Examples: Evaporative emission system, heated air induction ‘system
L
B. Combustion  controls--Devices or systems that actually affect and con-
. trol combustnon to reduce'emlsslons

.. ' B
Examples: Engine modifications, carburétor modifications
Postcombustion controlg-Devices or systems that reduce emissions after
combustion has occurred

-

b e

A\ e .
Examples: Air injection system, catalytic converter systems

-~

'
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Photochemical Smog Ove!r Ciﬂi ;

I ‘Hydrocarbons + Oxides of Nitrogen + .A '

. Particulates -+ Sunlight = Smog
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INTRODUCTION TO AUTOMOTIVE EM|SSION CONTROL
UNIT |

» [ ’ ' 'L/ ) [ . LY
- TES . v \

. . . . .
Define autoinotive emissior control.

b.

brey .
e )
Distinguish between smog and photochemlcal smog by placing the correct term to L
the |eft of the definitions. . .
o a. Condition that results from hydrocarbons and oxides of .
nitrogen chemically changing in the presence of sunlight
. 1)
. b. . Condition resulting from the mikture of smoke, fo, d
gv - .. particulates
List two sources of air pollution related to motar vehicles. , )
v | +
a. .4
Describe brlefly how the federal government has become involved i in the regulatlon of
motor vehicle emussuons . -
o . . *
. - . PR
List the two parts of the Clean Air Act which felate to automobile emissions. M
»
a ' ' , , &
b. : ;
Match areas of automotive emission control on the right to the correct descriptions.
a. Devices or systems that actually affect, and 1. Precombustion \ ’
control” combuégon to reduce emissions controls ‘
L o .
b. Devices or systems that. reduce emissions 2. Combustion con-
after combustion has occurred , trols
c. Devices or systems that reduce emissions 3. Postcombustjon
before combustion takes place coptrols
“ . 4
» ' r. . . R * ."‘
by {) °




o o INTRODUCTIONTO AUTOMOT IVE_ EMISSION CONTROL ‘
‘ , ‘ cei UNITI
e b |, ANSWERSTOTEST *
. * ] ¢ 3 - * . . .
e 1. .Any control that reducespolldtant eghission from-the automobile -
L N2 . Rhotochemical smog . * -
. - ’ ‘ , T e, ) )
. b. Smog - .
. \ "3 a, Corhbustlon as a result §f the oxidation or burnlng of any substance in an auto-
. ' . motive engine thagcan be used as a fuel
‘ » b. Evaporation of hquad fuel mto the atmosph.ere ‘ _
v L. 4 Desc;ruptlon should include: : R
<t . AT 19@--Clean Afr Act was enacted into law ' ) ;
) , b.  1965--Motos Vehicle AirPollutian Contrql-Act amendments
3 . . .
. - te 1970--Environmental Prgtection'Age}!cy (EPA) was establu’shed e
v 1 - te .
Y ‘ '\ .. d 1871 Natuonal standards for ambuent air quality establlshed
i . \ . . ‘
. R . B.Ca. Title I, Section. 101 General descrlptlon bf the act -
b. Title I, Section 20 1 Part A--Motor Vehicle Emission and Fdel Standards
’ - Tt e ‘ ., ' L ' .,
F . s . 6. a. 2 . . . ‘
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' . INTERNAL COMBUSTION ENGINE POLLUTANTS ‘
UNIT 11 B -

UNIT ®BJECTIVE

. After completion of this unit, the student should be able to select true statements about
hydrocarbons and oxides of nitrogen and the formation of smog. The student should also be
able to describe the health hazards of carbon monoxide and particulates. This knowledge -
will be evidenced by scoring 85 percent on the unit test.

+

. SPECIFIC OBJECTIVES'
l, ,
After completion of this u~nit, the student should be able to: - o
— ‘ - a * .
1. Match terms associated with internal combustion engine pollutants to the correct .
[‘ definitions. C \ -
. |
2. Select true statements about hydrocarbons and the formation of smog.
- © 3. Select tru’statements about oxides.of nitrogen and the formation of s?ﬁoé.
. N ) - . s : . ‘
. 4. Describe the health hazards of carbon monoxide. S i
" 5. Describe the health hazards of particulates. . h

\é




4A.'. Read obieétive sheet.
B.

C.

»”

INTERNAL COMBUST\ION ENGINE POLLUTANTS -

UNIT™I

SUGGESTED ACTIV|ITIES

Instructor: |
N 3 ~ . <o .
A. " Provide student with objective sheet.
B. Provide student with information sheet.
. (
C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Give test. .
. ) 4 .
Student: .

Study information sheet.

Take test.

P

INSTRUCTIONAL MATERIALS

Included in this unit:

A.

B.

Objective sheet

Information sheet

. Transparency masters

1. TM 1--Hydrocarbons

v

2. TM 2--NOy Formation

. 3. TM 3--Carbon’ Monoxide in Bloodstream

coee
4. TM 4--Particulates

Test

Answers to test

) . <)

v
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‘ . ( INTERNAL COMBUSTION ENGINE POLLUTANTS
’ | UNIT 11

o ‘ X INFORMATION SHEET

I Terms and definitions

. ’

A.  Hydrocarbons--Compounds madge up of hydrogen (H) atoms and carbon (
t atoms |
B. Oxides of nitrogen--The chemical combination of nitrogen (N) and oxygen -
(O9) during the combustion process; made up of 97-98% nitric oxide (NOy)
and 2-3% nitrogen dioxide (NO5) . )

C. Carbon monoxide (CO)--An odorless, Oolorless, toxic gas that Jesults from
incomplete combustion . :

L

D. Particulates-Solid particles, primarily of lead fror‘he fuel additives and
. carbon that are exhausted to the atmosphere |

’ i
. .

| ’ "~ E. Unburned hydrocarbons--Hydrocarbon compounds that do not burn, but are -
T, emitted to the atmosphere C
‘ . Hydrocarbons and the formation of smog (Transparency 1)

A. Hundreds of hydrocarbons are present in gasoline and fuel oil

- .B.  Complete combustion of all fuel, does not occur in the internal combustion
‘ . engine . :

Some of. the hydrocarbon compounds that do not burn are emitted to the
. atmosphere

[]
D. The combination of nitrogen dioxide {NOj), particylates, and unburned
. hydrocarbons in the presence of sunlight causes the formation of smog

. Oxides of nitrogen and the formation of smog (Transparency 2) '
A. Oxides of n?trogen are formed in the internal combustion engine when
- high combustion temperatures are reached .

'B. .~ Oxides of nitrogen are made up of 97-98% nitric Bxide (NO) and 2-3%
nitrogen dioxide{NO9) . ' ‘ :
C.  When nitric oxide is exhausted into the atmosphere itcombines with oxygen

(O2) to form nitrogen dioxide, which has a brownish color -

o .
a4 »

. . . . * . .
D. The combination of nitrogen 3ioxide (NOg), particulates, and unburned °
. . hydrocarbons in the presence of sunlight causes the formation of sn?
o . . .« ‘ .

[ d




INFORMATION SHEET

'

v, Health hazards of carbon monoxide (Transparency 3) -
1] . - Q ‘ '
(NOTE: Because of incomplete combustion, carbon monoxide (CO) is exhausted
into. the atmosphere. In complete combustion, the end product of combustion
would be carbon dioxide and water, and nltrogen would pass through the com-
bustlon process unchanged.)
A. “When carbon monoxide is inhaled into .the lung, and transferred to the
bloodstream, it replaces oxygen in the red blood cells, so the level of oxygen .
Jis reduced . - .

B. . This lack of oxygen in the bloodstream can cause headaches, reduced mental .
. alertness, and even death if carbon monoxide concentrations are high enough

-
‘ !

N

V. Health hazards of particulates (Transparency 4)

.

A, Lead emitted into the atmosphere posés a health threat in two ways

: 1. Respiratc;?y intake of airborne lead during breathing

0y

2. -Contamination of food by lead that has settled in the soil
B. Since lead is a toxic substance, high concentrations of it in the body ¢an i
cause darhage to the brain, nervous system and kidneys, and can cause death
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" Hydrpcarbons
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)
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@ Earhon"Monoxide‘ in Bloodstream
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INTERNAL COMBUSTION ENGINE POLLUTANTS .o
UNIT I ’

NAME

4

,) ' TEST

Match the terms on the right to the correct efinitions.

Compounds made up of hydrogen (H) atoms 1. Particulates
and carbon (C)-atems )

2. Carbon monoxide

. The chemical combination of nitrogen (N) (CO)

and oxygen (O9) during the combustion
process; made up of 97-98% nitric oxide 3. Hydrocarbons
(NOy) and 23"0Jnitrogen dioxide (NO»)

) 4. Unburned hydro-
An odorless, colorless, toxic gas that results . . carbons
from jncomplete combustion .

’ 5. Oxides of nitro-
Solid particles, primarily of lead from the fuel ..  gen .
additivesand Barbon that are exhausted to the ’
atmosphere .

Hydrocarbon compounds that de not burn,
but are emitted to the atmosphere

Select true statements about hydrocarbons and the formation of smog by placing
an "X" in the appropriate blanks.

d.

e

Very few hydrocarbons are present in gasdline and fuel oil

/ > . . . . .
Complete combustion of all fuel occurs in the internal combustion engine

Some of the hydrocarbon compounds that do not burn are emitted to the
atmosphere :

The combination of carbon monoxide and unburned hydrocarbons in the
presence of sunlight causes the formation of smog

Complete combustion of‘»all fuel does not occur in the internal combus-

-tion engine :

The combination of nitrogen dioxide (NOZ)' particulates, and unburned
hydrocarbons in the presence of sunlight causes the formation of smog

AEC 27
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3. Select true statements ahout oxides of nltrogen and the formation of smog by placing
an "X" in the appropnate blanks.

.

& a. Oxides of nltrogen are formed in the internal combustion enqune“vhen
low combustion temperatures are present

b. Oxldes of nutrogen are made up of 97-98% nitric oxude (NO) and 2-3%
_ nitrogen dioxide (NO7)

c. Oxides of nutrogen are made up of 23% nitric oxude (NO) and 97-98%
* nitrogen dioxTde N

d. When nitric oxide i1s exhausted into the atmosphere it combines with oxygen
{O2) to form nitrogen dioxide, which has a brownish'color

e. The combirtation of nitrogen dioxide’ (NO5), particulates, and unburned
hydrocarbons in the presence of sunlight ‘causes the formation ef smog

4. Describe the health hazards of carbon monoxide.

a.. - ! 3

\ \
5. Describe the health hazards of particulates. _ -

a . .- 4
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INTERNAL COMBUSTlON ENGINE POLLUTANTS
' - uNITI :
‘ . ? . ANSWERS TO TEST
;.”‘\ ’ . -
1. a 3 Nt
' ' . . - ! )
b. 5 Y - .\
c. 2 . . - .
Cod - L .
e. 4 - ' - e-
2. cef ° , T
s . . b '~ ;, o K .
3 bde AP o :
.- - Desc'ripti'on should include: - s - ‘ ) .
ol ) - ~ ! < '

a. When carbon monoxide -is mhaled into the lung and transferred to the blood-'
stream, it rep&a%oxygen in the red blood cells, so the tevel of oxygen is reduced

. . : - b’ This lack of oxygen in -the blooﬁstream can cause headaches _reduced merftal
. alertness, . and eyen death, if carbon’ m&noxude concentrates are high-eneugl

5. Description should |nclude

.
1 . -~ -

a. LeaQemltted |nto the atmosphere poses a health threat in two ways g

1. Resplratory |ntake Sf airborne lead during breathing

2. Contamlnatlon of food by lead that has settied in the soil \ -

.

b. Since lead is a toxic substance high concentratuons of it in the body can cause
damage to the bra|n nervous system and-kidneys, and can cause death- .

N ~ ey Ay
. ~ N 3

- r
' ! . e A
v ) >
. . p 4
. p i
Al
. %,
.
. « .
. .
4
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L
omcw OF INTERNAL COMBUSTION ENGINE POLLUTANTS  _..°
. . UNITIH o
: ‘ . H -
- UNIT OBJECTIVE 3

' ’

" After ‘oomple;ion of this unit, the student should be able to explain the causes of incom-

dlete combustion that result in unburned hydrocarbon,emissiéns. The student should also
be_able to select true statements about the origins of* carbon monoxide and nitric oxide
emissions. This knowledge will be evudenced by scoring 85 percent on the unit test.

@

N

After completion of this unit, the stu'dent will be able to:

\

1.

2.

3.

4.

)

5.°
6.

.

.
. )

SPECIFIC OBJECTIVES

-

H

Defihe terms associated with the origin of internal combustlon engine pollu-
tants. '

List tio so*es ‘of ‘unburned hydrocarbon emissions durmg normal eombus-

tion. .
.o\

Explain the causes of mcomplete combustion that result in the emission of

unburned Byd rocarbons o ) )

or
-

Select true statements about the origin of carbon mgonoxide (CO) emissions. *

Select true statement§ about the origin of nitn‘_c\oxide (NOy} emissiens.

List engine variables affecting NOy emissions.
ve -

. -




ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS
UNIT 11

SUGGESED ACTIVITIES

L
. ,

f.- _ Instructor: - . . " |
A. Provideé sgudents with objective sheet. .
B.  Provide students with information sheets.”

C. Make transparencies. N

. 0w
[}

™~ D. >Discuss information sheet.
- E. "Gi;/e test.
II.' Studént:
"A. Read objective sheet.
B. Study information sheet.

- C. Take test.

.

Y
INSTRUCTIONAL MATERIALS

I, Included in this'unit:

A.  Objective sheet e
'B. Information sheet
" C. Transparency masters ) -

1. TM 1--Combustion Chamber Quench Areas

: 9‘ ‘ 2. TMr2-Incomplete Combustion -/,Qbel System

~

3. TM 3--Air-Fuel Ratio Effect on Emissions

D. = Test

- E.  Answers to test o

-




» -

’ ¥
. References:
- . s ’ A. Combustion i, the Automotive Eﬁgine. Denver, Colorado: Ethyl Techni-
cal Neges. - - . ¢
| B. Glenn, Harold T. Glenn's Emission Control Systems. Chicago, |ll.. Henry
Regnery Co., 1972. - ‘ :

B C. Heinen, C. M. "We've Done the Job - What's Next?" SAE Vehicle Emis-
) . sions, Part Ili:Vol, 14. °

, D.. Heinen, N. A. and Patterson, D. J. Emissions From Combustion Engines
- and Their Control. Ann Arbor, Mich.: Ann Arbor Science Publications,
Inc., 1972, ) .
. - E. Springer, G. S. and Patterson, D. J. Engine Emission Pollutant Forma-
! tion and Measurement. New York: Plenum Press, 1973,

F.  Crouse, William H. and Donald L Anglln The Auto Book. New York

Gregg Division/McGraw Hill, 1979.” i .-
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ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS _ .
: " UNIT Il .

- ‘.. 1
. - !
INFORMATIONSHEET e

Terms and definitions T - ; .

A. Qu‘ench(ingi--The failure of the alr_-fdelv mixtyre in a combustion 'qhambgr
to ignite due to the transfer of heatt from the mixture to the ‘surface
of the: combustion chamber resulting'{n a fuel mixture which is too
cool to ignite T o

., B. Quench areas-Those areas in.the combustion chamber where quenching>

A.

. B.

will occur such-as the walls, cavities, and small areas created by structural
design, spark plug protrusion, or improperly fitted head ga§kets (Trans-
parency.1) ‘

Combustion chamber deposits--Porous accumulations of carbon inside the
combustion chamber which absorb small amounts of fuel mixture causing
same unbu rned‘emissions to occur : .

Sources of unburned hydrocarbon emission during normal combustion

. s —
Quench areas

- 1 -

Combustion chamber deposits

Causes of incomplete combustion that result in the emission of unburned

hydrocarbons (Transparency 2) ' .

A.

¢ -

X $
Ignition system--Any compenent of the ignition system that is worn or
out of adjustment may cause a weak spark or a misfire to occur -~ T

Low air-fuel mixture temperature
1. Results in the poor atomization of fuel which results in an ungvenly |
mixed air-fuel mixture

- .

H . q

2. Has high localized concentrations of excessively rich mixtures
and lean mixtures that do not burn evenly when ignited i

" Rich air-fuel mixtures-Mixtures that are too rich do not have enough
oxygen to completely burn the amount of fuel present *

Lean air-fuel mixtures--Can result in a misfire because the fuel is so
diluted by air that it will not ignite properly ’

. \ T
Excessive exhaust gas dilution

1. Occurs primarily during high manifold'vacuum.conditio‘ns such as
engine idle or deceleration :

* g
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L -. " INFORMATION SHEET .o | ‘
- 2‘5 Re'sults‘,i-n a mixture that will not burn completely or can cause a
' - complete misfire i
v. Origin of carbon monoxide emissions (Transparency 3) ' .
"A. Carbon monoxide (CO) is formed pluring the combustion process when &

there is not eneough oxygen available to convert hydrocarbon (HC) to
carbon dioxide (CO,) and water (H,0)

i B.. As the air-fuel mixture becomes richer than the ideal ratio of 15:1 there is -
an Tnsufficient amount of oxygen present to complete the combustion -

process . ) \
v . C. This shortage of oxygen results -in the incomplete conversuon of CO to :
- €Oz, X , - .
. L] '. '. . PY - -
D. An increase in the CO emissions is normally accompanied by an increase .

in° HC emissions because of the Iack of oxygen to completely burn all
D s the fuel mixture

. &
. ‘

[

V.  Origin of oxides of nitrogen (NOy) emissions

4

«

A. Air that is drawn into the engine and mf™®ed with the fuel supply is made .
up of approxumatefy 78% nitrogen and 21% oxygen .. . . ‘

. B. - The ignifién -of this mixture of air and fuel in the'cOmbustion chamber®

£oo can result in temperaturesJn excess of 2700°C (4500°F). . - | ' R

C. Any engine variable that causes an.increase in temperature above ap-
proximately 108,2C (2000°F) to 1357°C (2500°F) will_cause an increase

‘in NOx emissions . .
VI.  Engine variables affecting NO, emissions (Transparency 3) . L.
. A.. Ignition timing . A N
o . ¢ .
& . .

{(NOTE: As ignition timing is advanced more of the mixture is burned .
before the piston reaches top.dead center (TDC). This causes increased . &
pressures and temperatures -in the combustion chamber which .rasult in .
‘increased NO, emissions. As timing is retarded, more of the mixture is . - )
burned on the power-stroke and lower temperatures and pressures‘result

in a decrease in NOy emissions.), v _

.
.

‘Alr-fuel mixture

Y i
(NOTE: Rich -air-fuel mixtures cause incomplete combustion due to lack
of oxygen. Lean air fuel mixtures cause incomplete combustion due to a
lack of fuel. Lower combustion temperatures occur from either of these

two condltlons resulting in lower NOy emissions.) - _ ' '

. 4 N

' Sy 18 - :
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5 1

.l . INFORMATION SHEET" . -
]

LI

- . s . J- .
C. Compression ratio , . . .

+ .~ (NOTE: High combustion pressures increase NOy emissions. Industry has
‘ ¢ lowered compression ratios to help reduce NOy emission. ,Today's' en-
gines have a compression ratio of approximately 8 to 1 compared to 10
to 1 in 1969. However, reducmg compression ratios' also reduces the
efficiency and performance of today s engines.)

D. Engine temperature ' . .
7/
(NOTE Higher engine, operating temperatures mcyéase combustion temp-
. kgratures Industry controls engine temperatures/ by use of pressurized
oollng systems and engine coolant tbermostats ) / .
- T e . E. Exhaust gas reeirculation (EGR) . ., ..
; (NOTE: Exhaust gases afe mixed with air-fuel mixtures to absorb some® : .
of the heat of combustion and reduce combustlon temperatures by the
exhaust gas recirculation EGR system.)

. P i‘ ' M ‘
T HEPR F. Exhaust gasdilution C :
Tt . ' (NOTE: Exhaust gas dilution occurs durmg high intake manifold vacuum
. T . conditions such as idle- or deceleration. The dilution of the air-fuel mix-
. - v ture with .exhaust gase$ decreases the temperatures reached durmg com-
: - bustion and lowers NOy emissions.) -
o - ¢
2e n B \ = ' 4
L% . 4 ¢ v
4 H - N .
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- Air-Fuel Ratio Effect on Emissions =
; | ~
| ,, “ Pohant |
| . | Goncentratiori
A
R Po!iinant -
e ._ Concentration
. \’. \ ’0_. . . | .




~ AEC 45
. L] - _—
’ ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS .
‘ ' UNFT 111 s
’ | 'NAME’ .
TEST ‘ .
1. Define terms associated with the origin of internal combustion engine pollutants. -
' : ) 3 RN ’ L4
a . Quenching-- ‘ -
. . v
. ) b.  Quench areas- . ) )
' o v 4 d
s . ’
c.** Combustion chambgr deposits-- ‘ ) -
- N
2. List two sources of unburned hydrocarbon emissions during normal combustion. a
a. ! . 3
b. -: . —
. ‘ 3. Explain the causes of incompi®te combustion that Jesult in ‘the eg)ission of un-
i . W byrned hydrocarbons . : N .
a. lgnition system-- .
3 -
N\ : :
3 c - b.  Low air-fuel mixture temperature .
& '
- 1.
* . . 2. *
“ o c.  Rich air-fuel mixtures-- . ’
b . ’ ‘
d.  Lean air-fuel mixtures-- o
‘ - ' 1
-

e.  Excessive exhaust gas dilution ’ t




t‘l -« - ——
i T ’ ] . , -
4. Select true statementsbout the origin of carbon monoxide (CO) emissions by placing
an "X" in the appropriate blanks, =~ . & . ',

a. Carbon monox_idé (CO‘)‘is,.ermed_during thé combustion .pfbcess when
there is not enough oxygen available to convert hydrocarbon (HC) to
carbon dioxide (COp) and water (H0) -

- -

N w

' §b. As the air-fuel mixture becomes leaner than the ideal ratio of 15:1 there is
an insufficien{\ amount of carbon present to complete the combustion
process S

-
-

2 ] c.”*This shortage of oxygen results in the complete conversion of CO to
. CO2

d. An increase in the CO emissions is normally accompanied by an increase
in HC emissions becayse of the lack of oxygen to cempletely burn all
- the fuel mixture

LI -

5. Select true statements about the origin of nitric oxide (NOy) emissions by _plac-
ing an "X" in the appropriate blanks. ;

a. Air that is drawn into the engine and mixed with the fuel supply is made
° up of approximately 78% oxygen and 21% nitrogen/

-

can result in temperatures in excess of 2700°C (4500°F)

c. Any engine variable that causes an' increase in temperature above ap-
_proximately 1082°C (2000°F) to 1357°C (2500°F) will cause an increase
in NO, emiggions

P

;
Cue oo

fn - o

6. List five engine variat}}és affecting NO, emissions. . '

a.

b.

b. The ignition of this mixture of air and fael in the combustion chamber
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ORIGIN OF INTERNAL COMBUSTION ENGINE POLLUTANTS
c , ) UNIT ITY . '
- "¢ ANSWERSTO TEST |

y

(¢

1. a. The failure of the air-fuel mixture in a combustion chamber to ignite due
to the transfer of heat from the mixture to the surface of the combustion '
chamber resulting in a fuel mixture which is too cool to |gn|te

~ i - Y = Ot
b. Those areas in the combustion chamber where quenching will occur such as
the walls, cayities, and small areas created by structural design, spark plug
’ protrusuon or improperly fitted head gaskets™
c. , Porous mulations of carbon inside the combustion chamber which absorb ,‘
" small athounts of fuel mixfure causing some unbu rngd;emissions to occur
d - .-
2. a.  Quench areas - ’
( ’ ) -
b, <Combustion chamber deposits
’ 3. Explafation should include™ . 4
)
a. Any component of the ignition system that is worn or out of adjustment rhay
cause a weak spark or a misfire to occur
R Y -
b. 1. Results in, the poor atomization of fuel which results in an unevenly
) mixed air-fuel mixture -
2. Has high localized concentrations of excessively rich mixtures and lean
mixtures that do not burn evenly when |gn|ted
¢.  Mixtures that are too rich do not have enough oxygen to completely bUrn the
1 amount of fuel present .
d.  Can result in a misfire because the fuel is so diluted by.air that it will not ignite.
Liea praperly
e. 1. Occurs primarily during high manifold vacuum condltmns such as engine
idle or deceleration :
) |
2. Results in a mixture that will not burn completely Or can cause a com-
. plete misfire
4, a,d - .

-
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6. Any five of the following: - :
g2 . .
L ! ", .+a, - lgnition timing . . ' ' .
. . < b.. Air-fuel mixture » ’ - ‘
Ce . . . . "t .
ve = o ) .
.. = & Compression ratio ) . ‘
i e T ’ e $
"d. Engigetemperature - e N '
” . ‘ \/ X . . *r \
* " e.  Exhaust gas recirculation (EGR) . '
v N * L ]
f.  Exhaust gas dilution . \ -
. .
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PR o HEATED AIR INDUCFION SYSTEMS'
. " : . UNIT IV, '
y '
E ‘ : UNIT OBJECTIVE ' .

.

-

After completion of this umit, the student should be able to explain the purpose of the
heated air induction system and explain the function of both the vacuum motor type and
. thermostatically controlled type system. The student should be able to visually inspect, test,
oy disassemble, and reassemblg both systems " This knowledge will be. evidenced through
demonstration’and by scoring 85 percent on the unit test.

- 4

\ .
SPECIFIC OBJECTIVES

*

‘6

. After completlon of this unit, the student should be able to: -

1. Match terms assomgted with heated air iqduction systems to their correct defi-

. nitions. ..
e, 2. Write the purpose of the heated air induction syé'tgm‘ e
- 3. List two types of heated air induction systerﬁs. . -
» M ‘
‘ » : 7 . . . >

. ) ) 4. Explain the operation of both types of‘heatec_i air induction systems from cold-

) . . start conditions to conditions at normal operating temperatures
A ) - :
R 5. Derhonstrate the abylity to: )

* . a. ‘' Determine the proper operation of the vacuum motor system and the
v thermostatically controlled system. ey

T - ' - . . .. ~

) b.  Check vacuum diaphragm unit for leaks.
, . ) - ¢. Check for proper operation of a thermostatically controlled system.

‘ '; ! + . .
n - . . d.” Check'for proper operation of a vacuum controlled system.
v T . . . * ’
_ e es  Check for proper operation gf vacuum override unit.
¢ v ' : ] -
. ' | 0 . A

.~ .. » . , ’ .




- .. . HEATED AIR INDUCTION SYSTEMS

“ ' _ CUNITIV

* SUGGESTED ACTIVITIES _

oy
I Instructor:
- ' A. Provide students with objective sheet. ‘
B.  Provide students with information and job s}eets.
C. Make transparencies. "
) D. Discuss unit and specific object.ives. .
E. Discuss information sheets. !
’ F. Demonstra’te and discuss the procedures outliped in job sheets.
G. Give test. . ‘
H. Student: ,
a A. Read objective sheet.
-
‘ T B. Study information sheets.
C. Complete job sheéts.
c D. Take test. ‘
/ INSTRUCTIONAL{MATERIALS .
I.  1ncluded in this unit: —— ‘
-A. ‘Objective sheet . ) ’
B. Information sheets .. ' -
" C. Transparency masters ' . |
1. T™ 1--Bas1'c'A'i; Flox'/v ’
. . 1 2.. ™ 2--{/a um Motor System ’ ,
‘ < 3. ™™ 3)--Th.;e[mostatical'ly Controlled Unit
) ‘ "4 ~TM 4--Vacuum Ovérride Qperagion i
. S S, ‘-‘:’

. 3

- - L] " -

»-
Q v

~1
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L

Job sheets

.
.

1. Job Sheet #1--Determine the Proper Operation of the Vacuum Motor
System and the Thermostatically Controlled System

-

2. Job Sheet #2--Check Vacuum Diaphragm Unit for Leaks

)

3. Job Sheet #3-Check for Proper Operatlon of a Thermostatlcally
Controlled System : S

4. Job Sheet #4 -Check for Proper Oper'(on of a Vacuum Controlled
~SVStém/ 3

—

5. Job Sheet #5--Checkfor Proper Operation of Vacuum,Override Unit

E. Test
Y
F. Answers to test
' jReference.s: ‘ . .
A. .Chrysler Corporation. 1979 Chrysler-Plyimouth-Dodge - Chassis-Body Ser-
vice Manual. Detroit, Michigan: Service Department, 1978.
B. Glenn, Hafold T. Glenn's Emission Control Systems. Chicago,.lll.: Henry
Regnéry Co.*1972. .
.C.  Gargano Promotions. Veh/cle Emission Control. Detrout Michigan: Gargano
"' Promotions, 1973. '
D.. Ford Motor Company. Vehicle Emission Control System. Detroit, Michi-
gan: Helm, Incorporated Service Publications, 1978.
‘E‘. General Motors Corporation. Emussion Control Systems Maintenance Manual.
" v Detroit, Michigan: Service Section/General Motors Corporation, 1978.
' st Attt ‘_ ‘o
’ S
" 0 L}
vy
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) ' . Ny »HEATED AIR INDUCTION SYSTEMS -
‘ - UNIT IV
. ‘)) ‘
. | " . ) INFORMATION SHEET . C
: I Terms and definitions .° ' ‘e -
AL Manifold stove (shroud)--A device which directs air flow over the exhaust )
. - manifold to preheat it v
' (NOTE: Th’is' generally consists of a metal housing around the exhaust
- manifpld which is connected to the air cleaner by a tube assembly.)
: B. Hot air ‘pipe--A tube assembly that connects the manifold stove to the
air cleaner .
’ (NOTE: In some applications the manifold stove and hot air pipe are ong
unit.) .
, . C. - Damper--A deflecto;device that controls air supply to the air cleaner
, (NOTE: The position of the damper 3etermines whether intake air comes
- . from the hot air pipe, engine compartment, or from a cofmbination of
+ both sourees.) - .

3 Y . -

- ¢ -

- D. Vacuum motor--A vacuum operated diaphragm assembly which controls the *

. / position of the damper o .
- . e\

; (NOTE: The vacuum motor operates on”a combination <©f engine vacuum
and spring tension to change the damper direction according to engine and
] outside air temperatures.) -

T .- E. Thermostat--A temperature sensitive metal bar . : —

r . (NOTE: The bar expands or shrinks in length according to the surround-
) . ing air temperature and, because it is attached directly to the damper assem-
’ _ ‘ bly, causes the damper to change position.) -
& .

F.  Temperature sensor--A bimetal or temperature sensitive plate

§ 7 (NOTE: The sensor acts as a thermostat to open or close a valve attached to
it which directs vacuum to the motor of the damper assembly.)

‘G.  Vaeuum override motor-A vacuum controlled motor that regujates air
. intake during periods of cold acceleration )

(NOTE: During normal operating conditions engine vacuum is high, keeping -
! the override motor nonfunctional. But when the vacuum drops, as during ™
. cold acceleration .conditions, spring tension overcomes the vacuum. When
- this happens, the motor positions the damper so that a combination of
- heated and engine compartment air enters the air cleaner to improve engine

. ’ performance.) .

r Q . L TR " .
ERIC | R
1 . - SN .
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INFORMATION SHEET /

’

H. Air cleaner--A metal housnng containing filtering material located between
the carburetor and the air intake whlch rtemgyes foreign partlcles from intake
air

(NOTE: Most -air cleaners have disposable paper elements which filter
the air entering the carburetor The air intake component of the air cleaner
(snorkle tube) generally houses the dalnper assembly.)

Purpose of. the heated air induction system (Transparency 1)--The purpose of
the heated air induction system is to maintain air intake temperatures at approx-.
imately 37.7°C (100°F) or hlgher

(NOTE: The heated air induction system is used to compensate for the leaner
air-fuel mixtures currently used and also provides better engine warm-up char-
acteristics. This system reduces HC and CO emissions.)

-

Types of heated air induction éystems . . .

A .

A. Vacuum motor system
L
B. Thermostatically controlled system

Operatlon of heated air induction systems from coldﬁWndutuons to
conditions at normal operating temperature

A. Vacuum motor system (Transparency 2)

(NOTE: When the englne is started under conditions where engine com-
partmefit air temperature is less than 37.79C (100°F), the following sequence
occurs.)

1. Temperature sensor holds the vacuum motor control valve closed,
preventing vacuum bleed

2. Manifold vacuum is directed to the vacuum motor

3. Motor positions the damper assembly to allow air from the mani-
fold 'stove to enter the air cleaner until the air temperature reaches
37.79C (100Q°F)

. 4. When air temperature in engine compartment reaches 37.7°C (1009F),
. the temperature sensor partially opens the vacuum motor valve

5. Vacuum is bled off reducing the amount of vacuum to vacuum motor

-.6.. Spring tension il vacuum motor causes the motor to position the
damper.-so, that preheated air is mixeﬁvith engine‘compartment air
before-entering the air cleaner

’ ‘
*7. As the temperature in the engme campgrtment increases, the vacuum
motor valve bleeds off all vacuum to cut off the manifold vacuum
supply to the vacuum motor




) ~ - INFORMATION SHEET

8. Under low vacuum conditions, the spring tension in the motor positions -
.the damper so that only engine compastment air enters the air cleaner

B. Thermostatically c@ntrolled system (Transparencies 3 and 4
(NOTE: When the engine-is started under' conditions where engine com-
‘partment air temperature is less than 37.7°C (100°F), the following sequence
- Occurs.)

L}

A . 1. Thermostat assembly is f‘ully/contracted

2. Damper assembly attached to the thermostat is positioned to allow
only preheated air to enter the air cleaner assembly (heat on position)

‘\‘ -

) 3. When air in engine compartment reaches a temperature of 37.70C

. (100°F) the thermostat begins to increase in size

’ ‘
N 4. Damper assembly is positioned by the thermostat to altow some engine
: o, compartment®ir to mix with the prgheated air before entering the air
B . cleaner (partial heat on position)

"« 5. When the air temperat‘ugrheater_ than 37.70C (100°F), the thermo-

stat becomes.fully extended

6. Damper is positioned by the thermostat to allow only air compart-
ment air to enter the air cleaner (heat off position)

7. During conditions of cold acceleration,” a drop in manifold vacuum
causes the spring tension in the vacuum override motor to change
the damper position e

> (NOTE: Under normal high vacuum &onditions, spring tension is
overcome by the vacuum diaphragm in the motor.)

‘ev

[
. 8. Damper is positioned to the partial heat on positigh

{NOTE: This provides for better engine performance when engine
. load conditjons are greater under cold accel’eration.'k

9. Override motor holds the damper in partial heat on position until
a high vacuym condition exists at which time the‘damper returns
to heat off position {gr normal ope‘ration

. - L . —  AECS5
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B 8 . | Temp. Sensor )
*. . Q\/ - 1
Vacuum Diaphragm Unlt Vacuum_Hose
e Ty (MOtOI') B
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FL | \; _Manifold Vacuum
~ Cold Air Damper Assembly

To Exhaust Manifold
Stove

' - ll > Air Cleaner
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Thennbstati.cally Controlled Uﬁit

|

Heat On Pasition (Warm-up)

L . f\‘\
A
Cold Air ‘ . .
‘ '

g
Thermostat \

Full Vacuum

LHot Air

Vacuum Override Motor

Heat Off Position (Warm Engine) |

| Cold Air ’
B/\

T N
Thermostat | i
Full Vacuum
=]
Hot Air_ Vacuum Overri;&\
v ) ® .  T™M3

A
J

=




Vacuum:Override Operation

- b

Cold Agceleration)
(0“ r{ceerjlon)‘

e
AS

Cold Air *
‘ - > Combinedg

\/, _ J “ﬂ

( Low or No

WAL

A

\_____ [ FotAr.

acuum |
S

Vacuum Overr'ide Motor




HEATED AIR INDUCTION SYSTEMS
ONIT IV

. ' | ‘\ AEC6~5‘

JOB SHEET #1-DETERMINE THE PROPER OPERATION OF THE VACUUM
MOTOR SYSTEM AND THE THERMOSTATICALLY CONTROLLED SYSTEM

F . ~ ‘
) . ‘
s I Tools required ; . . k
' A. Thermometer )
< | B.  Vacudm pump ‘ -
; \ - . v
' ' 1. *Procedure .
- A. Check engine compartment' temperature (should be less than 37.70C [100°F]

(NOTE: Engine should be cold.)

14

B. Check that all vacuum hoses are tight and in good condition, where applicable

’

N C.. Check that the hot air pipe is securely attached to manifold stove and
N\ air cleaner
- ’ -
- D. Startengine o .
' _ (NOTE: Damper assembly shotild be up (heat on position).) ’
. E. Warm up enine = - <

]
- F.  Check temperature at snorkel inlet or temperature sensor

(NOTE: If 40.1°C [1059F] or higher, damper assembly should be ddwn
[heat off position] . . -

(NOTE: These are BASIC PROCEDURES: Check the proper manufacturers
technical or shop manual for exact procedures and settings for each makg and
model.) N . : '

N

) L 4
! ' [ AN
g « A | v
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T ‘ .o _ T te, AECE7
\[ ] . - - - . . ) ' - ' . Lo
T T . HEATED AIR INDUCTION SYSTEMS - -
“" Co ‘ UNIT IV - o . :
"l,’i." c ' ‘ % . . TN e \- .' T, |
LT . . * JOBSHEET =2 CHECK VACUUM DIAPHRAGM UNIT FUR LEAKS
v . : - A4 .. . - ) . " . ) , . . . . 9 ~
X . , i Tools required : ) e S
I ) . N 3 * ) I N b
. . A Vacuum pymp e ’ . o '
F. e ) B Vacuumlgaugs ’ . . . (
" . -C7 Bleedvalve BRI :
A :-"' .. ° '~ D. Shutoff valve R ) :" .
, o o I, Procedure e T ‘ :
L » . € ~ - - ‘_ * ]
M " A" Remove air cleaner a§sembly e ] ‘o
. 2o B Attaeh vacuum pump and gauge to vaculm diaphrdgm unit T,
; : . . ‘;“, ., ‘ . i .) . n..
. - C. Start pump , - S
. E ' . ¢ - Y s ’ .
R - . .
ook ) ('/ . o - CIOSe down bleed vatve umll vacuum shows 20 Hg
! [N \ 4 ‘
. E: “Close shutoff thvp , ,' BN ’ o - . . )
: . ) F . Turn off pump " A - . ot
Y . ! . (NOTI; VaCUUm dlaphraqm untt sheuld hold 20" 'Hg for 5 mmuueq ) . .
" B T P < | ‘ ¢ ° ‘ ?’f'
. . . Gs Release Vacuum - , .
- ) . ’ .‘ . e ' ) o ‘ . i
e ’ H.  Start-pump - » - .,
AN . ’ |~ With bleed vaive build vacuum stowly.and observe that
RO . i] The danper, should beqm to hift at nots less than 5" Hg :
L] ¢ o \ ‘ ' ' * - ‘
o, L , 2 The damper should be quy of eu W|th no r'lor.e than 9" .
5 L :
’ . LNOTE These are BASIC PROCEDLlRE‘S Check the proper manufacturer's
] ) .o ) technical or shop manual for éxact procedures and settings for each make and
L 8 model.} - . .




RS ‘ . . . AEC§9
Dk . ® HEATED AIR INDUCTION SYSTEMS BN
. : c JUNIT Y . .

: . JOB SHEET =3 CHECK FOR PROPER OPERATION OF A .
_ ) THERMOSTATICALLY COMNTRGL LED SYSTEM .
g . ’ ’ . M ‘ e ' X ’ .
. | s Tools and equipment N /wj -
- ‘ A Thermorheter - ' ) .
. B Extern'al heat soutce - *
S . . < .
. ‘ /. .
. C. Freoncanister
[ [N " . . N .
7 . , ' "(NOTE A common hair dryer provides- an .excellent heat source A wet '
L fa rag will sufficiently coo! down thermostats \ ' !
. S ! § 1. .Procedtfre <«
& - e [ <
B A [ Remove air cleaneP cover
o f Y , . . N
) o B.  Remove aw filter element ' t RN . J
5 : Co- \- - P ! [ :
P ‘ " *C  Check position of damper assembly

) I ! , .. ’ . s . “

-y s (NOTE, The damper assembly should be in "heat an" positien if the arir

. o - temperature js below 37 7°9C [100°F |

S NS D Apply heat to the thermostat and check:for proper movement of damper
assémbly )
: + o R h .
H : ' E  Apply freon gas from canister, to thermostat and check for proper operation
K of damper assembly ' . e . ) -
¢ i M g d N

¢

(NOTE ;Freon gas s used to simulate cold conditions and to speed up

o . : .the process to save ‘time in the shop environment. A wet rag can be useq
. . also ) o .

, .

S0 “ F {f the damper assemhly does not move properly, check for misahgnment

“)' *and binding-and adjust mechanism as needec ,

' a -

G.  If no movement 1s noted and no binding 1s ’found,'replace’the faulty compe

nent . : . .
. N L

(NOTE These are BASIC PROCEDURES For exact procedures and settings, |

‘ check manufacturer's shop manual ) R . \ 8
o. ' . . ) ‘
o A
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HEATED AIR IRBUCTION SYSTEMS
UNIT IV

o > 8

N JOB SHEET =4 CHECK FOR PROPER OPERATION OF A VACUUM
CONTROLLED SYSTEM '

1

! Tools and equipment
A Thermostat

B External heat source

-
' »

(NOTE A common hair dryer provides an excellent heat source )
B 4
C  Freon canister

' -

3

{NOTE A wet ray can be used to cool down assemblies )

I "Procedure ) . -
A.  Remove air cleaner cover . )

B. _ Remove air filter element

C "Check position of damper assembly . .
LT - (NOTE: The damper assembly shoutd be in the "heat on” position f the
¥ air temperature 1s below 37.79C [1000°F .| v .

?

' D  Start the engine to provide vacuum to valve

E. _ Apply heat to the temperature sensor ahd check for proper miovemsent of
damper assembly .+ __ - ) '

.
.

F. Apply freon gas to the temperature sensor and check for proper move-
ment of damper assembly . '

(CAUTION: Be sure to stop the engine before using freon to cool the assem- .
N bly. A wet rag can be used witHout (}anger.i
. w

G* If the damper assembly does not move properly

- or binding and adjust the mechanism as needed

.,

check. for misalignment

(NOTE: The temperature, sensor and valve assembly shoR move upward
when heated and return to a, closed position when cooled an be
visyally determined when heat or cold 1s applied.) . .

. .

H. If damper assembly does not move properfy and no binding or nusahign. -

ment 18" found™replace the faulty components or locate and reptace loose
— vacuum lines as needed

(NOTE: These are BASIC PROCEDURES For exact proceclures and settings,

3

’ . check the miufacturer's shop manug! )

”
: 4
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. : HEATED AIR INDUCTION SYSTEMS
UNIT IV . ,

JOB-SHELET #5 CHECK FOR PROPER OPERATION OF
» VACUUM OVERRIDE UNIT

| . Tools and equipment Vacuum Jauge
it . Procedure

(NOTE Engine should be cold }

A Disconnect hose from vacuum override unit

B Conr)ect vacuum gauge to hgse -
: ' Y
C. " Start engine s

- (NOTE: At idle, vacuum should be 15" og greater. If less than 15" check for
leaks 1n hose or at fitting on manifold.)

D  Check to seé if damper s partly open to admit both engine compartment
air and heated air )

E  Remove vacuum gauge

-

F Connect vacuum hose to vacuum override motor

. -~
. G Check to see If damper moves to heat on position

H If damper does move to heat on position, the vacuum override motor should -
be replaced :

(NOTE These are BASIC PROCEDURES. Check the proper mamufacturer's -
technical or shop manual for exact procedures and settings for each make and
model )




‘ " HEATED AIR INDUCTION SYSTEMS.
, "UNIT IV , )
. -~ N . .
' ~ - - ,NAME . - iy
) ‘. TEST R
< ‘ ' | ° . , .
1. Match the terms on the right to the correct definttions. %
4 ' - t
4 A metal housing cantatning filtering materiat 1. Manifold >
* located ‘between the carburetor and the air stove (shroud) .~ .
intake which removes ferelgn particles from ' EX
. * intake air © 2. Vacuum motor
b. A vacuum controlléed motor that regulates 3. Thgrmostét , '
. a|r intake during penods of eold acceleration r .
- , . : 4. " Vacuum over-
c. A bimetal or temperature Aensitive plate " ride motor oo
. ) ;‘/ 3 \ l . " ./ '-_
d. A temperature sensitive metal bar , * 5. Aircleaner .
1 e. A vacuum operat diaphragm assembiy 6. Temperature d
which controls the Eosition of the damper . SeNsor . .
> f A deflector device that controls air supply o . 7. DaMf)Er .
. the air cleaner . ) . v .
. s 8. H.\a\tr\plpe -
g A ﬁube assembly that connects the mani- e A ) .
Tk fold stove to the air cleaner ) T ) )
- . - f . ’
h. A device w_hlch glrects air flow over the . ' )
, exhaust manifold t6 prehejt it e ‘
. * 7 .
2 .
2: Write the purpose of the heated air induction system. .
- ' : - - v . l ) -’ o y l
; ; . )
3. List two types of heated air imduction systems . - ‘
- . - )
a . .
o - » -
R .’
- b ’ - * [} -
r.\ ! *
- ¢ ' - ~ ' , 7 ' $
» F . : A}
] e - N
y , . R -
v B “ .
. 1 -, . . . .
) ‘ . ‘3 . . . L]
s, 4 ’ , PER 4 M

L ERIC - . . ‘ . : R

N 4 ' ) . N .
v . . . R ‘ e LN




.
>
@ '

I :
. 4. Explain the operation of both types of heated air induction systems from cold start
conditions to conditions at normal operating temperature.

. a. '

o
.

5. Demonstrate the ability to:

a. Determine the proper operation of the vacuum motor system and thermostat- -
» ically controlled system.

’

b.  Check vacuum diaphragm unit for legks.
. ' ~ -
¢.  Check for proper operation of a thermostatically controlled system.

B d. Check for proper operation of a vacuum controlled system. Lo

e Gheck for proper operation of vacuum override unit
(NOTE If these activities have not been accomplished prior to the test, ask your
mstructor when they should be completed.)

H

N v

RE

. .
| T . A
v , N

LU
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HEAT&D ATR INDUCTION SYSTEMS

i _ : UNITIV  *
. ¥
' " ANSWERS TO.TEST. E
‘ . 1. a 5 \ N
b. 4 . 1
C. | 6 " s
d. 3 . ' f
e. 2 . ’ ' '
f 7 ' .
: g 8 ¢ S0

2. The purpose of the heated air induction system is to :namtaln air mtake temper-
atures at approxlmately 372.7°C (100° F) or higher

3. a Vacuum motor system . ' ‘ v
b. :l’hermostatically controlled system ) '

4. Explanation should,include: . ‘ -

' a.  Vacuum motor system - ., .

) , 1) Temperature sensor holds the vacuum motor control valve closed pre- l
o ventlng vacuum bteed y
2) Manifold vacuum is directed to the vacuum motor - . I
N . ,

3) Motor positions the damper assembly to allow air from the manifold stove‘to
R ' enter the air cleaner until the air temper'ature reaches 37.7°C (100°F)
‘ . " 4) ‘When air temperature in engine compartment reaches 37.7°C (10Q°F), the
temperature sensor partialty opens the vacuum motor valve

5) Vacuum is bled off reducing the amount .of vacuum to vawum motor

- ) 6) Sprlng tension in*vacuum motor causes the motor to position the damper
+ so0 that preheated air is mixed with engine ‘compartment air before entermg
the air cleaner.” s . .
» . ’ “ ’ M
7) As the temperature in the engine compartment increases, the vacuum motor
+ valve bkeeds off all vacuum to cut off the manifold vacuur supply to the
, vacuum'motor




Aruitoxt provided by Eic:

ERIC

5. Performance skills evaluated to the satisfaction of the instructor

8) Under low vacuum conditions, the spring tension in the motor positions
« the damper so that only engine compartment air enters the air cleaner

o

b. Thermostatically controlled system .
1) Thermostat assembly is fully eontracted

2) Damper assembly attached to the thermostat is 'positioned to allow only
preheated air to enter the air cIeaner assembly {heat on posmon) . '

. 3) When air in engine compartment reaches a temperature of 37 7°C (100° F)
o the thermostat begins to.increase in size

4) Damper assembly is positioned by the thermostat to allow some engine
compartment air to mix with the preheated air before entering the air
cleaner (partial heat on position)

5) When the air temperature is greater than 37.7°C (100°F), the thermostat
' becomes fully extended y

6) Damper is positioned by the thermostat to allow only air compartment
air to enter the air cleaner (heat off position)
. LY
7) During conditions of cold acceleration, a drop in manifold vacuum causes -
the Sprmg tension in the vacuum override motor to change the damper

position .- ‘
° T e ‘ B o, A

8) Damper is positioned to the partial heat on position o~ ‘

9) Override motor holds the damper in partral heat on position, until a high
vacuum condition exists at which time the damper returns to heat off .
position for normal operation . , . ,

«
. & -
» °

®
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. ' EVAPORATIVE EMISSIONS CONTROL SYSTEM'
" . UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to match the functions of the *

evaporative emissions control system to the components and explain the operation of a

basic evaporative emissions control system. The student should also be able to visually

Inspect, test, and service the evaporative emission control system® This knowledge will be
. evidgnced through demonstration and by scoring 85 percent on the unit test.

-
s

SPECIFIC OBJECTIVES

After completion of this unit, the student $hould be able to:

&
1. Write the purpose of the evaporative emissions control system.

2. Match components of the evapvorgtive emissions control §y3tem to their functions.

. 3. List four methods of carburetqgggapor control.

. 4. 'Explain the operation of the evaporative emissions control system.
. T~5TDBmgnstrate the ability to:
- - . - -
a.  Change the charcoal canister filter. '

- , b.  Test the fuel tank filler cap.

AEC 79
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. ’ 14 t
EVAPORATIVE EMISSIONS CONTROL SYSTEM
UNIT V .
SUGGESTED ACTIVITIES
\ N
. Instructor:
A. Provide students with objective sheet. B
B.  Provide students with information and job sheets.
by
C. Make transparencies.
) D. Discuss unit and specific objectives.
Discuss information sheets.
F. Deponstrate and discuss the procedures outlined in the job sheets.
{
G. Give test.
. Student: .
> , A.  Read objective sheet.
B. “Study information sheet.
C. Complete job sheets. .
- 3 i [}
D. Take test. . %.
INSTRUCTIONAL MATERIALS
- - -
l _Included in this unit: : ’
A. Objective sheet ; 3
B. Information sheet ) -~
[ -
C. Transparency masters 7/' . ~

1. TM 1--Fuel Tank With Thermal Expansion Volume
2. TM 2--Pressure-Vacuum Relief Filler Cap
é. TM 3--Vapor- Liquid Separator v

4. T™ 4--Charcoal Canister .

¢ ‘P'I’




82
, 5. TM 5--Chafc.oal Canistfer Purging Methods « ( e
6. TM 6--Charcoal Canister Purging Methods (Continued)
7. .TM 7--Charcoal Canister Purging Methods (Continued)
D. Job sheets |
] » 1. Job Sheet #1--Change the Charcoal Canis}er Filter :
2. Job Sheet #2--Te;t the Fuel Tank Filler Cap ' / ‘
E. Test "y
F. Answerssto test
. References: .
* A. General Motors‘Cé;rporation. 1979 Passgmger Car Service Manual. Detroit,
Mich.: Service Section/General Motors Corp., 1979. ‘o,
- B Chrysler Corporation, 1979— Chrysler- mouth ‘Dodge Chassis-Body Ser-

vice Manual. Detroit, Michigan: Service Départment, 1978, )

C. Glean, Harold T. G/enn's Emissic® Control Systems. Chicago, lllinois:
Henry Regnery Company, 1972. i

D. Gargano' Promotions. Vehicle Em:ss:on Control. Detroit, Mich.: Gargano
Promotions, 1973,

E. Ford Motor Company 1978 Full Size Car Shop Manual. Detroit, Mich.:
Helm, Inc., 1978

by

o3




.D. Venting of carburetor fuel bowls to the charcoal canister

- o & AEC 83

EVAPORATIVE EMISSIONS CONTROL SYSTEM \
v UNIT V \ .

\

INFORMATION SHEET -

<

«

N
|

Purpose of the evaporative emission controls system--The evaporative emis-
sions control system controls the release of hydrocarbons (HC) to the atmosphere
that results from fuel vapors escaping from fuel tanks and carburetor vents

Components and functions of the evaporative emissions control system

A.  Fuel tank--A sealed unit for storing fuel that has a built in air space (appro-
xirhately 11% of tank volume) to allow for fuel expansion due to temperature
increases (Transparency 1} ' .

. B. Fuel tank filler cap--Seals the fuel tank and acts as a relief valve to protect the

fuel tank from excessive pressure or vacuum (Transparency 2)

€. Vapor vent lines--Allow vapors to be directed from the fuel tank to a vapor-

liquid separator and to the charcoal canister .

¢
D. Vapor-liquid separator--Preventspassage of fuel to the carbon canister b
means of either a float valve which seals off the line where fuel enters or by a
series of standpipes{Transparency 3) ‘

' . ¢ 0" FN .

.

*

- (NOTE: The siéndpipes are set at different heights to allow fuel to return to
the tank and only vapors to escape.)

. J
@ t

E.  Charcoal canister--Traps and stores fuel vapors by means of activated charcoal
contained in a sealed unit (Transparencies 4, 5, 6, and 7)
[} «

.(NOTE: Fuel vapors are vented to the carburetor by purging the canis-
ter container with fresh air during ?ormal engine o eratign.-)

F. "Rollover check valve--Prevents the spillage of fuel from tNg fuel system in the
event of rollover of the automobile . )

9

* (NOTE: The gravity activated valve is found in the fuel line between the fuel
tank and carburetor:)

Methods of carburetor vapor control - \ ) ‘

AN

A.  Elimination of external carburetor vents
\ .

.

+ ( 3

(1 ( H H 3 . .
C. Use of insulating gaskets and aluminum heat shields between intake manifold
and the carburetor . - ’

B.  Use of insulating washers on carburetor hold-down studs ’ /

»




_INFORMATION SHEET g

~ .
.IV.  Evaporative emissions control system operation
A. As the fuel becomes warm it expands and at the same time releases fuel
vapors -
/
B. The expansion is taken up in the desngn of the fuel tank which prevents
~1 flllmg approximately 1 1% of the tank s volume
C. The vapors that are released pass through the ve‘ines to the vado}-liquid
separator which allows the vapors to pass through but will prevent any liquid
fuel fram passing

D. The vapors travel to the activated charcoal canister where thay are trapped

and stored
v E.  When the engme is started, the canister is purged via a purge line that runs to
\ the carburetor or air cleaner » “ ~
-
F. As fuel isconsumed, a pariial vacuum develops in the fuel tank
. -

G. The filler cap acts as a fuel system relief vaive to prevent damage to the fuel
tank from excessive‘pressure or vacuum
(NOTE: Vacuum relief is ‘provided after .25" Hg is reached and pressure
relief is provided beyond .75 to 1.25 p.s.i.)

- 'S

e

b

“(
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Fuel Tank With Thermal Expansmn Volume

_,(FTo Vapor quuad Separator T

e

~
‘

" Filler Vent Life

5 Fuel Tank Vent Lines

~

Expansu)n

Space

\

-~
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. o Pressure-Vacuum Relief Filler Cap

Filler Sealing.

Gasket
* - Vacuum Spring Pressure Spring (Passive
- (Passive up to .25" Hg) \{ . _up t0°75 o 1.25 psi)
/ ) | / | | | T |

Vacuﬁm Relief  Pressure Relief
.Valve  Vale -

™ 2
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e
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Line

Liquid Retﬁrn

Vapor-Liquid Separqtor

e Y
Y Vapor-Liquid Separator \ ne,
. ».

To Cha[coal Canister
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Charcoal Can
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"Charcoal Canister Purgiljg" Méthods ,

Purge Air Flow (Air Cleaner Methiod)

. ' D.
a v
. b \,
. O !
h\
[ v e —— } !
-

\"ﬂh ""”"-"??t_,f )~ '

. ‘
&~ -
- L

"~ Fuel Tank Vapors_ -
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‘ -~
-
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. Charcoal Camster Purging MetHOdS(Contmued)
o : Constant & Demand Purge System_

Ported Vacuum Sighal

. f )
M *
o . o .

; / : . - _ PCY Ho?e\

7
Purge Valve

=

‘”v " -|Carbtiretor. Bowl Vent : @ — —
R | Al
S RN F
* | o R . N *
» c . . . b . . - .~ .\ . B . .
) S : { From Fuél | o ; ~
’“ Sl . Tank Restricted Orifices,
' ' ~ L . >
= \_ ' ' _ C Canister . |/ B
. e . ! T . ) . ' | ' '] U(%..
ERIC N ; ‘ : g
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Charcoal Can"ister Purging Methods (continued |

-~

( - I '—t - 1 \ ;
S «Constant Purge Method - - | :
. Air Cleaner V_] -
. \' Carburetor T
| I 1 . PCV Hose
. ' . ) h} ; b'
‘ | Constant Purge : \ !
] Fuel Tank Vapors’ ‘ \
S B ' Variable Purge
. ‘» .
L ~ Orifice
L’~
| : Carbon Canister : o I .
. ) o . ‘ R >
3. \_ . : | Purge Air . t ] 2
. \J‘. 9\) » Ve ' o « . /m’l -~
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. - . ) 'i
. i . . . N K "
: » EV,APORATNE EMISSIONS CONTROL SYSTEM
‘ N ) ' . UNITV - E .
I v ¢ \
. " JOBSHEET #1-:CHANGE THE CMARCOAL CANISTER FITER ‘
. ' ’ , J ‘ ‘
. X | Tools required--Basic shop tools
., Il. Procedure t o - .
‘ A Disconnect hoses from top+of canister -
‘ B Remgve canisters from mounting bracket
- 7~ > . A
J ) C.  Remove cover from bottom of canistei\_ .
' I N
. s D. Remove filter element e ) e
'E, Install new filter element * .
( ) N - ) . - . { J . , R <
\ by F  Replace cove(: "o
P " G.. Relnsggll canister in mounting brackletol : , .

.
N - -

o . , H. - Reconnect hoses . : !
‘ o " (NOTE: These are BASIC PROCEDURES. Check'the manufacturer's service shop _'

: manual or tgchnical manual for exact procedures for each make and model.)
-’ Lo ' N ’
¥ , = . .
v, ' 4
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.O . ¢ @
) ) ! ‘ . B
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. #AEC 101
"/\, e .

EVAPORATIVE E‘.’»lSSIO"‘\JS GONTROL SYSTEN:
UniT v ° )

JOB SHEET =2 TEST THE FUEL TANK FILLER CAP . -
. 5 \

9 . p
! dTools requ red None .
13
i Procedure .
A Remove fuel tank filier car,

~ ‘ v
B Apnly oral vacuum and check that valve opens under vacuum and closes
~ . under pressure .

i
.

C  Ifvalve fails to open or close, repiacesthe filler cap

INOTE These are BASIC PROCEDURES Check the'manufacturer's service sHop
manual or technical manual for exact procedures for each make and model.)

€
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\
EVAPORATIVE EMISSIONS CONTROL SYSTEN
. . UNIT V
\ NAME .
TEST

~

Write the purpose of the evaporative emissions control system.

Match the components on the right to their functions,

a Allow vapors to be directed from@the fuel
tank to a vapog-liquid separator and to the -
charcoal’canister . :

. Seals the \fuel tahk and Abts as a relief valve ta
protect the fuel tank from excessive pressure
" or-vacuum

A sealed unit for storing fuel that has a built
in air space (approximately 11% of tank
volume) to allow for fuel expansuon due to
.« temperature mc:eases

. Prevents passage of fuel to the carbon canister
by means of either a float valve whigh seak
off the line where fuel enters or by a series of
standpipes i

Prevents the spillage of fuel from tpe fuel
system in the gvent of rollover_of the auto-
mobile

f. Traps and stores fuel vapors by means of
activated charcoal contained in a sealed
unit

‘
v
—l

List four methods of carburetor vapor control.

\ e
a.
b.
c. ¥ )
A
d. - ,
(]
- L ‘s g
’ : ) .

L]

1. Charcoal
canister

2." Rollover
check valve

3. Vapor-liquid -
separator

4. ~Vapor vent

lines
5. Fuel tank
*
filler capr
6. Fuel tank

i
i

|
i

-




104 . \

\ - l .

4. Explain the operation of the evaporative emissions control system.

5. Demonstrate the ability to.
a. Change the charcoal canister filter.
N b. Test the fuel tank filler cap.

(NOTE. If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

(‘|"’j
N V]
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. . : EVAPORATIVE EMISSIONS CONTROL SYSTEM
' UNIT . .
, L‘\ : 2
~ ANSWERS TO TEST \ . )

\ i
1 The evaporative emissions control system controls thesraease of hydrocarbons (HC) to
\the atmosphere that results from fuel vapors escapmg from fuel tanks and carburetor

—

vents , .

2 a 4 ’ Ve - - PR -
b. 5 . w ot

- Ay ’ * <
* c. 6 ,
v d 3 ‘ L] - . )

e 2 y S . N
- 6 ‘ .

3. a.  Elimination of external carburetor vents
b.  Use of insulating washers on carburetor hold-down studs .

. [ 3
L i : . :
€. Use of insulating gaskets and aluminugn heat shields between intake manifold
: and the carburetor
d.  Venting of carburetor fuel bowto the charcoal canister
* 4. Explanation shquic& include:
a.  As the fuel becomes warm it expands and at the same time releases fuel vapors
b. The expansion is ‘taken up in the design of the fuel tank which prevents filling
approximately 11% of the tank's volume
\ c. . The vapors that are released pass through the vent lines to the vapor-liquid sepa-
\ rator which allows the vapors to pass through but will prevent any liquid from
. passing PR ‘
d  The vapors travel to the activated charcoal cannister where they are trapped and,
* stored . .
e.  When the endine is started, the canister is purged via a purge line that runs to the
carburetor or air cleaner .

f . As fuel 1s consumed, a partial vacuum develops in the fuel tank
9. The filler cap acts as a fuel system relief valve to prevent damage to the fuel tank

- from excessive pressure or vacuum

. \J
-
‘ . 5. Performance skills evaluated to the satisfaction of the instructor

(&
Wt
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ENGINE MODIFICATION
- UNIT VI

. e

UNIT OBJECTIVE
‘ J . N d

< -
After completion of this unit, the student should be ahle to explain: the engine modi- *
fications which reduce emissions. This knowledgé will be evidenced by scoring 85 percent

on the unit test- . . .
LN
. . . ’ . ‘,'
. - ] . . -
SPECIFIC OBJECTIVES ’ g Coe L
. ’ R ‘ 32 PR
N ‘. .,
After completion of this unit, the student should be abl'e to: ! .
1. Write the pufpose of engine modification. * ~- . o <l T g
~ v, - 'c -
7/ ! saw- - . a_ﬂe‘;’"
2. Explain engine modifications and tHeir effects aQ emis§ions.  -.. T L y
- - ., - - PR -
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- f . . : ] .
. . SUGGESTED ACTIVITIES
EIFIRY . .
< j © . . h' 3
a e e - M . . A
= ¢t 1. _ lInstructar: '
T A. Provide students with objective sheet.
]
. . . AN .
B. Provide students with information sheets.
R 13 '} o .,
v Make)ransp'arencies. - - '
¢ : .’ LA . v ) . .' '
~. ° D. Discussunit and spegific objectives. W .
TN E. * Discuss information sheets. KON
* F.- Ghetest:~ & . Lo .
" . ." - LIRS [ Y t .0 - : ‘ - e ' '
FLEERS I Student: N - . - PN
L . . ' “;,‘2 Yoo .
I "+ A, TRead objective sheet,” - RN - -
ot - ' S ’ " S ", r
. B. Studytinformation siregt. = oo )
« e P = -t 1] . .

: ‘ ‘ * . ~ * ¢ . .
DT e INSTRUCTIONAL MATERIALS )

.
-, . ,
|

- .  ENGINE MODIFICATIONS
- UNIT VI

‘z .+ .. C _.Take'test.. - , : . .o
. D B N £ . v, - . -
. 3

) Jo Ir;dudedin this pnit: a i )
' No A :Objc%ggive sheet ’
) ‘ B. Information sheet ' . . o
C. ‘Trans‘parency' masters
, R h 1. TM 1--Intak;e1Mani¥oId Modifications
2 TM 2--Combustion Chamber Modiflcatlons
‘- i 3.. .TM 3~-Pre_combusti9r; Chambe‘r (Stram'fied.Charge)

D. ‘Test t -

. - . ~ - - - te- .
.« R - “~ . .. . . .

!

a
.
s
.
L -
. .
s 4 o™
- - -
-
-
. -
™ s 7
. .
. >, -



E._ Answers to test . .. o
- N ‘ P
1. Befé‘rences. ' : ) : - : o
A. 1979 Chrysler-Plymouth-Dodge Chassrs Body Service quua/ Detroit, E . )
Michigan=  Chrysler Corporation, 1978. . ) N ..
B. Gargano.Promdtions‘. Vehicle ., Enussion Control. Degroit, Mich: Gargano . ’
Promotions, 1973. . : ) . N RN
. i . . . - . v - .
G Glenn, H. T. Glenn's Em/ssron Control Systems Chltago, Illmons,. Henry._ = T
¢ Regnery Co., 1972 o - P .-
te . LY ’ ‘ -
D. Hemen C. M "We' ve Dohe the Job - What S - Next7" SA.E Veh/cie E’mrﬁﬂ . j -
X . s/ons-Part L Vol 14P, T. ' - ) TS
. . - ,? N R

. E. Hemen N. A, apd Pattérsoﬂ D J Enussions From Combestibn Eng/n?s el .
: and»leey Control. Ann A’rbor Mlchugan Ann-.Arbe.r» Sqence Publuca R

- 'tlons\lnc 1.972‘ -:'s .- '_. ) A . “.r ST S S )--. .
» « T 2 = v &
Sprmger,c.G S, anq\r ?a_\lterson -D sJ»Engme Emrssran-.Po/IutaM Forma } . e e
.. tion and Measut;emena New York Plenum Press, 1973 ; “2 .. X P
.« b e’ . ¢ . : € " - f P > ‘h C
) .G Crouse ‘W, H. antt Angllh Davud L. ‘The Auto Book New York McGraw =
H|II ?nc 1979 ) - — . .. L :
L 4 o . e - < : o~ . -
<« - . 3 " ’ ', ‘ : ' ’ ’. L. -
. . ) ) . L 2 vy o ’ ’ -
R R ' - . . .
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more QQmplete combustlon and reduce & engme emlss@s . -
_-'Engine modlflcatlons and thelr-efft_ecj(s,on emissions
. Y. ot <
A Intake manwfold (Transparency 1) .",_‘ o' e L _
- - o ‘: . v, . ' M “.a‘ FO ’ hR
'1 Modlflcauons N . et
. A : R T B
« Te . : ? v S -
v a. .Sm.oother mtenor surfaces .__A e - “
,' . . '\ ‘ P v 3' . e . K . P
Tt s, . + *y
‘! R b Bet'fer,;‘aartmatctrqih AT e
ORI Crbssoyér oLexhaungases TV S
T ] Umiorm passage ports R
- ” RE * .
»8.-  Singleplane.design . -~

- [} . ¢ . . -
« . 2. Effect on emissions

4

a.  All fuel mxtures are distributed more evenly
o

b.  Provides for increased-vaporization of the fuel
. ' . N . —~\

c. . Results in more complete combustion of the fuel mixture
B. _, Controlled engine operating temperature
1. Modifications

a. Faster warm-uﬁ

b.  More evenly controlled cylinder wall temperature -

2. Effect on emissions--More complete combustion

C. Combustion chamber {Transparency 2) \
1. Mdifications ‘ .
a. Smoother sur.faces . .
~b. Elimination of small gaps ) . )
c.  Better fitti;g head gaskets - ‘

d. Specially designed quench areas

o, 1"')
LW Ny ] 4

- I B " .
. i . .
S . ENGINE MODIFICATIONS | ]
. . L UNITVIE AR
' . - . e . L '30, " .
" " . - INFORMATION SHEET -
S A Y S .

.a

PufpoSe.of engine modification--The purpose o'f‘engme ruoduflcatlon 18,to achieve
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iy e . “:/NF.OBMAHON SHEET®, -

2. Effect on emiﬁ»gn&‘"- ’ ) .- \

2 Effect on emissions

. E. Modified valve tiniing F

1.

3
l{. Precombustion chamber (Trans_parency 3)

1.

. . Y &
# E\(en puming of the hJeI mixtuce S I

ta Mogbomptete combusnon R

'Mo.dification--Specially designed camshafts

e
. L]

e

-

B "y
"> - & LT

-

- D "Lower campressro'n rayo - )
b s . .

Modlffcathn Redemgned pistons and cylmder heads

] ’

a. Use of nonleaded fuel made posscble the reduction of lead emls

§ions ~

b: Decreases combustion chamber temperature to lower NOy emis-

sions | . .
j

= (NOTE: Lower compression ratios reduce-emissions but also

reduce engine performance and efficiency.)

~

(NOTE: These allow the intake and exhaust valves to remain open

during a part of the time of exhaust and intake strokes to allow

exhaust gases to mix with the fue!l mixture.)

-

Effect on emissions--Combustion temperature is reduced

¥

(NOTE: This results in reduced NO,'emissions.)

"
'

Modification--Stratified charge of fuel mixture is-provided to the
combustion chamber by a specially designed precombustion chamber

(NOTE: A rich mixture of fuel is ignited and altowed.to |gmte a weaker
mixture in the main combustion chamber.} \

Effect on emissions--Stratified or layered mixture burns more com-
pletely

(NOTE: This results in a reduction of the level of emissions. A stratified
mixture is different from an uneven mixture caused by improper intake
2ir temperatuyes. The mixtures are even in air/fuel{amounts but are in
layers from richer to weaker, not uneven.)

~
*

‘ 1

-
bl




- - . = :- . <
- * .. ‘4" - - - e v @ .
.{“‘ ¢ . ¢ . e N s ° R « R
¢ 1 . T - ™ g"“.'t.‘ ’ . ..
- .4~4\ﬁ—‘ _".l e R - e . ~ .
. . -t T L J. "AERC 113
. > - . B

- ."'st.l":f - J ’ R Y
- . L “ ’ ¢ - -’ : :. e
Y7 S .. ", ' INFORMATION SHEET" . . _ .= o
. A S ) R - d . . -
v - - . .
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R . . =" G. -Redesigned cylinder heads : N —
e o2 T , ‘ P e ) | . s .
. 1. Modifications o .
. ' a.  Lafger exhaust valves .
X b.  Air injection ports ‘ - ’
N N Al .
) 2. Effect on emissions - g . . 2
: . a. Dilutign of fuel mixture by exhaust gases reduces combustion .
. ' \ temperature and lowers NO, emissions .

b.  Promotes continued burning of hydrocarbons
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Manifold Modifications
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N
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. Smoother Passages

AR

Alignment

.-. ‘\

Improved Port

Uniform

[ 4

Single Plane Manifol

d Passage Size
' [
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® . Combustion Chamber Modificatidns .
(-f.

H

Larger Exhaust Valve

S\
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k. ___ 7 .

Increased -
Quench Area -
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Precombustion Chamber
ro (Stratified Charge) b

Precombustion Chamber o
Intake Valve | Rich Fuel Mixture’ P
Precombustion \ S | P ‘
Cha‘m_ber \ L2 B park .Iug
o~ ||-> : |
Intake Valve_~ . .-‘_-:::':_:::-;-: )
Lean Fuel Mixture}—y- -
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Combmed Fuel . _
Mixture > L
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ENGINE MODIFICATION |

UNIT VI ) .
NAME’
~ [} - S L}
. . TEST
’ co . ] ’ ”
1.l Write the purpose of engine mockjcation. - .

-
‘2. \Explain engine. modifications and ther effects on‘emissions.

) ‘e
a. Intake manifold ) ) h

. ~
<
. ’

b.  Controlled engine operating temperature’ . ' o

¢. Combustion chamber
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Aruitoxt provided by Eic:
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d.

e.

_'f.

g.

Lower compression ratio

C N

Modified valve fiming

Precombystion‘chamber

A

Redesig inder heads

.

/

&




1. The purpose of engine modification 1s {o achieve more complete combustron and

ENGINE MODIFICATION ’ “
UNIT Vi

ANSWERS TOTEST . - ‘

t . \
. \

redice engine emissions .

P
2. .Explanation should \nclude: .

a.

b.

<.

Intake manifold

1.

Modifications

a)  Smoother interior surfaces

b)  Better part match up
~

c)  Crossover of exhaust gases . —
d) Uniform passage ports ' . *
e) Single plané‘dgs‘ugn ¢ v
2. Effect on emissmns ) v
a) Al fuel mixtures are distributed more evenly . T
b} Pro#for increased vaporization of the fuel
/ c)  Resufts in more complete combustion of the fuel mixture
Controlled engine operatswng teﬁnperéture . - :
» 1. Modifications . . .
a)  Faster warm-up k v ‘
b}  More evenly controlied cylinder wall témperature
2. Effect on emiss omplete combustion

~ Combustion ch

1.

Modificafions

a) Smc;o her surfaces .
b)  Elmination of small gaps . ’ "
c}  Bettef fitting head gaskets

d}  Specjally designed quench areas
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|
i

J

1

| ’ 2‘ Effect on emissions = ° i ..
l A a) Even burning of the fuel mixture i . ;
if b) More complete combgstion' ’ .
d.  Lower co(mpressmn ratio ] .
; 1 Modﬁicatlon--Redesugned Epastons and cylinder heads
g '2. Effect on emissions
a)  Use of nonieaded fLiel made possible the reduction of lead emissions
“ b) Decreases combustiQZn chamber temperature to lower NO, emissions 4 .
e. Modified valve timing ‘ ' )
! 1. Modification--Specialty de'q'igned camshafts
2. Effect on emsésion;s‘-Combti,:stion temperature is reduced R
! f.. Precombustion chamber - ’ S | i
1 Modi%ication»Stratifaed charge of fuel mixture is provided to the combustion ‘
) chamber by q specially qestgned preco stion chamber .
. :,( 2. Effect on emissions--Straté:fied or HZ; mixture bdrns' more compietely
' ; / g * ﬁedesigned cylinder he;ads ¥ N
. ‘ 1. Modifications 1\ ‘\ “
) a)  Larger exhaust valves
b) Air mjectnbn ports* J . | )
2. Effect‘on emisstons

a)  Dilution of fuel mixture by exhaust gases reduces combustion tempera-
ture and lowers NO, emissions

b) _Promotes continued burning of hydrocarbons
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CARBURETOR MODIFICATIONS
UNIT VII

UNIT OBJECTIVE

Atter completion of this unit, the student should be able to erté\the purpose of carburetor
svstem modifications The student shoyld also be able to [1st the carburetor components
which have been modified and match those modifications to their effects on the car-
buretor system This knowledge will be evidenced by scoring 85 percent on the unit test

T : SPECIFIC OBJECTIVES

After completion of this unrt, the student should be able to
1 Wnrite the purpose of carburetor system modification.
2+ List four components which have been mod fied in the carburetor system

. .
3 Match the modifijcation of the components to the effect of modification
the carburetor system. N

[

ERE Rt
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- CARBURETOR MODIFICATIONS ° .
. UNIT VI _ . ¥
L SUGGESTED ACTIVITIES , .o ‘

g

l. Instructor-
A. Provide student with information sheet.
B. Provide student with information sheet.

Make transparencies. ¢

o o

Discuss unit and specific objectives.

-~
? | t , '
i F. Give test.

. Student: , . ' . )
)
te [N

€. Discuss information sheet.

A.» Read objective sheet. N .
B. Study; information sheet.
’ | ’ C. Take test.
. . "
INSTRUCTIONAL M:ATERIA«LS \ “
I. * Included in this unit:
. A Ob]’ective sheet ”"“\ N _ ‘ - i

B. Information sheet

C. Transr;arency mastc;rs L
1. "TM 1--Automatic Choke Assist Systems
2. TM 2Z=Staged Choke Pulldown U >

3. TM 3.-Factory Set Idle Modifications

’

4. "TM 4-1dle Adjustment Screw Limiters .
- :
5. TM 56--Other Idle Adjustment Modifications #
. ¢ . R
‘ : . 6. TM 6--1dle-Stop Solenoid *
. 111




' D.

T E:

.
g
M .
o

7. TM 7--Other Carburetor Modifications
8. TM 8~Varfable Venturi System

9. TM9-Vhriable Fyei Jet System

1979 Chrysler-Plymouth-Dodge bhassis-Body Service Manual. Detroit,
Chrysler Corporation, 1978.

Vehicle Emission Control. Detroit,‘ Mich.: Gargano Promotions, 1973.

Glenn, Harold ' T. g?énn’s Emission Con
Ford Motor Company. 1978 Full Size Car Shop‘ Manual. Detroit, Mich.:
General Motors Corporation. 1979 Passenger Car Service Manual. Detroit,

Michigan: Service Section/General Motors Corporation, 1979.

Ford Motor Company. éarburetqr Service Manyal. Volume Il. Detroit,

- -

a4

=

x

. -

»

2

-

trol S;/st'e'm. Chucago,”'HI.: Henry +

Michigan: Service Publications/Helm, Inc., 1978+

1978. -

Corporation.

Test
Answers to test
- Referenoe;:._ .
A
Michigan;
B.
C.
Regnety Co., 1972.
D,
Helm, Inc., 1978.
E.
F.
General Motors

G

L3

Emission Control Systems Maintenance
Manual. Detroit, Michigan: Service Section/General Motors Corporation,
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CARBURETOR MODIFICATIONS
: UNIT VI ! .
. INFORMATION SHEET | *
" . ~ ’

Purpose of carburetor system modification-The purpose of carburetor system
modiffcation 1s to reduce the amount..of hydrocarbon and carbon monoxide
emissions released to the atmosphere during periods of engine idle, warin- up and
deceleration

"(NOTE Modifications have been made to reduce the richness of the air fuel

mixture by diluting the mixture with additional air during idle. Also, during the
warm-up period, modifications to the automatic choke allow for faster openlng of
the choke to reduce the amount of rich fuel mixture used.)

-
- .

Components.modified in the carburetor system

A. Automatic choke system -

B. Idle systeth o ’ /
C. Fuel metering system
D. Venturi system -

Effect on the carburetor system by modification of the components /

A(NOTE: A-C deal with modificat|ons in the automatic choke system.)

A. Electrical eIement -Supplies additional heat to choke coik to reduce the time
it would normally require taopen (Transparency 1) 8

B. Stainless steel coil weII--Provudes faster transfer of heat to shoke coil to
* reduce the amount of time engine heat is needed to open it (Transparency 1)
r
C. Two stage pulldown--Uses a temperature sensitive valve to control a vacuum -
assisted mechanism which opens the choke faster (Transparency 2)

(NOTE" The bimetal valve opens above 16°C [60°F] to provide mamfold
vacuum to a chamber in which a silicone fluid is contained. Atmospheric
pressure forces the fluid through, an orifice over a period of 20-30 seconds
causing the choke to rémain closed for only that length of time.)

(NOTE: D-H deal with modifications in the idle system.)

-

D. Intef’nal idle contro!l limiters- Prevents increasing idle adjustment rrchness
beyond factory set |th5 (Transparency 3)
(NOTE: The internal idle limiters restrict mixture adjustments by limiting
the amount of travel of the idle screw through a stoppage device or by idle
- needle limiters and restricted orifices.) ,

’

- ‘ f

?
. N A
[
_ | | &/
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INFORMATION SHEET . H
. L .
External idle screw limiters--Plastic caps which reduce the amount of adjust-
ment to approximately 3/4 of a turn to prevent setmng the idle for an
overrich mixture (Transparency 4) -

Factory set off-idle air-bleed screws--Reduce air, fuel mixture richness (Trans-
parency 5)

(NOTE. These are set by tag factory using flow meters and are sealed
so that adjustments are not possible. :

Carburetor dashpot--Holds the throttle plate open longer during decel-
eration to improve the combustion process by allowing more air to enter the
carburetor (Transparer?cy 5)

.
Idle-$top solenoid

1. Establishes a higher 'erigine speed to improve combustion during decel-
eration . . .
2. More completely closes thethroitle plate to prevent dieseling or after
run when engine is shut off
(NOTE: I-L deal with modifications in the fuel metering system.)
Adjustable part throttle (APT) screw--Provides more accurate fuel metering
from fuel bowl to venturi assemblies | ~ - .

(NOTE: The APT metering rod is factory set using special fuel flow meters.)
Electronic fuel control (EFC)--Fuel flow and air mixture are metered by an
electronically operated mixture corltrol solenoid - .

(NOTE: The GM C-4 computerized carhuretor system uses an 0xygen sensor
located in the exhaust manifold and a variable jet carburetor. The air/fuel
mixture is regulated by a mixture control*solenoid located ‘in the fuel bowl
which is attached to the fuel meter fod. The solenoid is controlled by ‘an
electronic control module which analyzes u‘pulses from the oxygen sensor.)

Pull ové; enrichment fuel feed (POE)--Under canditions of high venturi
vacuum, additional fuel is provided to the venturi to ennch the mixture
under heavy Engme loads (Trans@arency 7)

Variable fuel jet system (Vari-jet)--Fuel flow is metered. to the venturi by
means of electronic or vacuum linkage (Transparency 9)

L]
.

{NOTE: A taperdd moveablg rod is controlied by either vacuum or elec-
tropic units to enlarge or decrease the size of the opening in the fuel jet
allowhg more or tess fuel to enter as engine conditions indicate. Manifold
vacuum or exhaust-system oxygen monitors provide the sensin'g impulses to
the control units on the carburetor. GM uses a computer regulated mixture
control solenoid in the fuel bowl.) /

.

" ) £~ S -

'y ‘, -
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INFORMATION SHEET

(NOTE: M and N deal with modifications in the venturi system.)

' M riple venturi--The speed of air passing through the carburetor throat js
intreased three times to provide a more even and precise air-fuel mixture tp
. ' the combustion chamber (Transparency 7)

.INOTE: The three venturis are located side by side in the carburetor throat
to increase the speed of the air flow which mixes the fuel mixture more
evenly. The system also allows better control of the amount of air flow
through the carburetor, which 1s necessary with the new leaner mixtures
currently used.) :

N. Variable venturi (VV)--The size of the venturi opening is adjusted to allow
more or less airflow by a sliding venturi valve actuated by either a vacuum o‘
electronic control (Transparency 8) . . . .

Ow’ N -

(NOTE: Some foreign manufacturers have used a round variable venturi
for a while, but recently, Ford has introduced 3 rectangular venturi valve
model which is electronically controlled. The electronic system uses an

: ‘ oxygen monitor in tRe exhaust manifold to determine engine fuel needs. An

appripriate impulse is sent to the electric control unit (ECU) whiéh analyzes

the impulse and regulates a vacuum control unit on the carburetor which /<

‘ adjusts the venturi opening.) - \

ERIC | | :
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, " Automatic Choke Assist Systems
, .
Electric Choke System Stainless Steel Thermostafic Coil Well
. To Choke ] 1 N
* : Control Switch w ( .
N Thermostatic Coil
{
Choke Rod
V|
= )
|
- U
‘Thermostatic Coil 1
) L Electric‘ Assist Heating El‘ement) \ )
Qo ) / ! hd
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Staged Choke PuIIdown

o Diaphragm 1 d

"

[

f e "~ Bldid | in Forward Chambem |

Al
g
- .
' | x
. - .
< - \ L]

Temperature - Sensing Bimetal Valve

_ -

Below 16°c (60°F)

(. 4Fud in Rear Chamber .\
- Vacuum

™ L
=

™

Temperature Sensmg Blmetal Valve

Above 16°c (60°F)

' 121

T OTM



g . n
L ~ ’
. .
’. . ) ‘.'
4 ,
v

| factn'i'fy[Sét Idle Modifii:ations

Fixed Orifice Restriction

ead Seal
| ‘ldle Limiter
/ Needle
Fixed Orifice Restriction
Idle Mixture Screw
a I » )
\___ VAN SN ),
1227 123
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®  Idle Adjustment Screw Limiters

~ Extemal
4 R

‘ oo Plastic Limiter Caps -

Internal

Caps Necked Down to
Clear Stop Screw

[ (D
o Idl(; Mixture ) :top\Screw -

" Adjusting Screw

~

n N\ e




Other Idle Adjustment Modifications

~ Carburetor Dashpot

\

[

Plunger ||
Depressed | |
ol

3 | Adjust t*o

I Ju

: »‘I :HSpecmed

Dashpot- P Clearance
|
|

)

Throttle Lever

'\

Off Idle Air Bleed Adjusting Screw

-

)
| 9ﬂ>_ Lead Seal
|
V n Off Idle
- q A |l Air Bleed
\P q Adjustment
g% P‘b
J

Lyl O3v
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Idle-Stop Solenoid

Locknut

Throttle
Position
Determined by
Throttle Stop
Screw ‘

J 5 .
' Solenoid De-Energized :
- J

(Running RPM) )
- - Determined by

' Solenoid Energized _J

™6

B ~ ~ R 5 1‘;“1
< . . [
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Other Carburetor Modifications

Pull | C Trio .

, (Power Enrichment) . ' nple Venturi
(Pull Over 4 N\ . Main Well -

Enrichment r Air Bleed - j
Fuel Feed ’ 5 . -
- .
") | Mair;\ (
v = ® Lead Seal ﬁﬁfz,gfg?

1 Boost

' Venturi (2) |
. >~ | {Off Idle Air
' P Bleed
. Adjustment. _ o
Fuel . , Main :
Well \ ‘ q . Venturi %a(;ln  Well

%

quer Idle

~ _]:O: Air Bleed
R

k Throttle Valve

Syl O3V



gVar‘iahle Venturi System
- Air | _

Metering Rod

&

Venturi Valve

Fuel Meter ‘f.&.
* Jet

. 1 \Throttle
= Air Plate

[;:':‘,) Air—Fuel

1D

Venturi Vacuum -

LYl 23V
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Varialile Fuel Jet System .

Variahle Jet Mixture N o
Control Solenoid

Idle Mixture Screw

i '] (Factory Adjusted) ) - Discharge Nozzle

.

- Triple_Venturi

v s
WA

A‘\\

~
—

Variable
Jet

Cruise Mixiure Screw

Main Well Primary Throttle Valve
(Factory Adjusted) Main Well Primary Throttle Valve

<2

<~
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CARBURETOR MODIFICATION
: UNIT VII i

' NAME

TEST

1. Wnrite the purpose of carburetor system modification.

.

. { . . ‘
’ ¢
2. List four components which have been'modified in the carburetor system.
a. o i \
b. A
B c. * . .
: d. - S -

i} ',
d
3. Match the modification of the £omponents on the right to the effect of modification \
on the carburetor system ,
- ) '

\ /

. o7 a. Uses a temperature sensitive valve to control 4 1. Electronic #
. vacuum assisted mechamsm whlch opens the fuel con-
' choke faster - trol (EFC) ..
b. Fuel flow and air mixture are metered by 2. Internal idle
an electronically operated mixture control . ., control limi- .
. solenoid : ters - ’
c. The size of the venturi opening Is adjustedto = 3. ‘Electrical
*  allow more or less airflow by a sliding venturi element’
. valve actuated by either a’vacuum or elec- .
tronic control ~ : 4. External idle
screw limiters N
\ d. Supplies~ additional heat to choke coil to :
N reduce the time 1t would normally require to 5. Carburetor
' open - ° dashpot . *
e. Reduce air fuel mixture richness 6. Two-stage
. to pulldown )
f. Provides faster transfer of heat to choke coil .
ta reduce the amount of time engine heat is 3 Adjustable :
needed to open it part throt-
. y ; " tle (APT) screw
. 9. Prevents increasing idle adjustment rlchness ‘s
beyond factory set Ilmuts 8. Stainless
steel coil
h.. Plastic caps which reduce the amount of well .
adjustment to approximately 3/4 of a turn to -
prevent setting the idle for an overrlch mix- ;
. ture— " " 7 )
'y




-1

n.

®

Holds the “throttle plate open fonger during
deceleration to improve - the combustion
process by allowmg more air to enter the
carburetor

Provides more accurate fuel metering fro,‘m

_fuel bow! to venturi assemblies

Under conditions of high venturé vacuum,
additional fuel is provided to the venturi to
enrich the mixture under heavy engine loads
Fuel flow is metered4o the venturi by means
of electronic or vacuum linkage * -

. The speed of air passing through the car-

‘buretor throat is, increased three times to
provide a more even and precise air-fuel
mixture to the combustion chamber .,

a. Establishes a higher engine speed to
improve combustion during deceler-
ation .

b. More completéty~glgses ‘the throttle

> plate to prevent dieseling or after-run

when engine is shut off .
)

10.

1.

. out

Pull over
enrichment
fuel feed _

-

Triple venturi

Variable fuel -
jet system
{Vari-jet) -

Variable ven-
turi (VVY

Id|e-stop
solenoid

Factory set
off-idle air-
'bleed screws
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" CARBURETOR MODIF ICATIONS

‘ : ' UNITVIE . .

~ e o ANSWERS TO TEST
. " I3 . \ . . ' . . . R :
1. The purpose of carburetor system odification is to reduce the amount of hydro-
. carbon and carbon monoxide emissions released to the atmosphere during periods of
engine idle, warm-up, and deceleration A ’ .
, 2.-a.  Automatic choke system . " )
. ®.  idie system o L e
v ~ . . . 5 ! Y -
c.  Fuel metering system * ’
‘w
«d. Venturisystem ) \ . e
' -~ 3.-a. 6 . ‘ e -
b. 't e 0 . .
¢ 12 . o )
[} \ .
. .
. d 3 _
‘ N -
e 14 » . ’
. “f. 8 ‘ ’
- <
\ g 2 - -
g 4%
h. 4 .
l- ( N ’ \
‘ | - 5 A .
< . i 7 . -
’ k. 9 . .
. | 1"
- 4 -
m. 10 .
'“ N LR} - v
n. 13 it .
i‘ .
. b Y
R ~
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I

. - IGNITION TIMING SYSTEM
_ UNIT Vi1 '
/ . - . . LT
. . UNIT&JEC‘TlVE - . \

After completton of this unit, the student should bé.abLe to state the purpose of the ignition
timing system and explain the operation of the components of the system The student
should also be able to dergonstrate the ability to visually Inspect, test and service the com-

ponents. This knowledge will be evidenced through demonstration and by scoring 85
percent on the unit test, : '

3 4
R .

.

SPECIFIC OBJECTIVES

- “r

After completion of this unit, the student should be able to~

1 Match the components af the ignition tlm’ing system to their correct functions.
2 State the purpose of the ignition timing system.

3 Describe the gperation of the thermostatic vacuum switch.
. Al ‘
4. Describ@the ob_eration of the dual diaphragm vacuum advance unit.

. i
" 5. Explain the operation of the cold start spark advance (CSSA) system.

- 6 Demonstrate the ability to+
— a. . Test for proper operation of the thermostatic vacuum switch - > \
* b.  Test for proper operation of the vacuum advance unit.

.

v

-~
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L 4
IGNITION TIMING SYSTEM
UNIT VIl . , -

. . - SUGGESTED ACTIVITIES
l. Instructor:

A. Provide student with objective sheet.

Provide student with information and job sheets.

. B.

, C. Make transparencies.

- D. Discuss unit and specific objectives. \
E. Discuss information sheet.
F. Demonstrate and discuss the procedures outlirhed in the:job sheets.

Give test. 3 . .
. Student: i

- * A. Read objective sheet. ’ - ]

B. Study information sheet. : o

C. Complete job sheets.

' D‘. Take test.

INSTRUCTIONAL MATERIALS "

l. Included in this unit:

A. Obijective sheet‘

B- Information sheet' .

C. Trans;are_rjmasters

.‘// 1. T™M 1--Ther'mostatic Vacuum Switch (TVS/PVS)
| 2. TM 2--Carburetor Vacuum Advance Port

3. ™™ 3r-Thermostatjc Vacuum Switch Operatic;n
4. TM 4-Dual Biaphragm Vacuum Advance Unit and Operation

5. TM 5.-Spark Control Operation Using Multiple TVS/PVS Valves *

1.5




¢D. Jobsheets

-
1> Job Sheet #1--Test for Proper Operation of the Thermostatic Vacuum
Switch® , . .

+ 2. Job Sheet #2--Test for Proper Operation 53‘ the"fVar'mum Advance
‘ Unit K .
. | o

¢

E. Test ~

o~

F. Answers to test

-

. References:

A. Ford Motor Company. 1978 Full Size Car Shop Manual. Detroit, Mich.:
Helm, Inc., 1978. ’

l

4

. .
“B.-~ 1979 Passenger Car Service Manual. Detroit, Michigan:. Service Section/
. General Motors Corporation, 1979. .

C. Ford Motor Company.: Vehjcle Emission Control Systems. Detroit, Michi- )

gan: Service Publications/Helm, Inc., 1978.

D. Emission Control Systems Maintenance Manual. Detroit, Michigan: Ser-
vice Sec;ion/GeneraI Motots Corporation, 1978.

L

.E. 1979 ~Chrys/er-P/ymouth-Dodg'e Chassis-Body Service Manual. Detroit,
Michigan: Chrysler Corporation, 1978.

-

"

A

*
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IGNITION TIMING SYSTEM
UNIT VIII

Iy -

"

INFORMATION SHEET

I Components and functions

A

Thermostatic vacuum switch (TVS/PVS)--A temperature sensitive valve
which .regulates vacuum from carburetor or manifold ports to vacuum -
advance unit according to engine coolant temperature (Transparency 1)

(NOTE: The various manufacturers use a temperature sensitjve valve and
control vacuum source. Each manufacturer may refer to the switch by
different names but the function is the same for all. They generally contain a
heat expandable substance like copper oxide paste.)

Dual -diaphragm vacuum advance unit--A vacuum regulated device on the
distributor that advancés engine timing on impulse from the carburetor
pori or retards timing when a signal is received from the manifold
port :

Orifice spark advance control (OSAC)-A single function valve which restricts,
vacuum advance to the distributor during rapid acceleration but does not cth ’
off vacuum on deceleration

(NOTE: Chrysler uses this method of spaw-:éontroi. It is a one-way control| '
and does not provide spark tetard on deceleration.) N

Spark delay valve (SDV)--A dual function valve which delays or restricts
vacuum advance during rapid acceleration and cuts off Yacuum advance on
deceleration. - ] B :

L ad
- .

Coolant temperature override valve (CTO)--A temperature sens'jtive valve

which directs vacuum advance during conditions of éogine‘ove‘rhe‘ating .
&

P

. ) ‘ . .
(NOTE: This valve, is a TVS/PVS type valve that allows a vacuufr’ signal &
to pass through when engine temperatures rise above 235°F. Gengral Motorg -
refers tQ it a§ a CTO, Chrysler calls it a TIC [ Thermostatic Ignition Control
Valve], and Ford calls it a PVS.) ’

. £

Distributor retard control 'valve (DRCV)--A control valve which. restricts
spark retardation signals to the distributor during conditions of cold engine
temperatures \

Vacuum port--An opening above the carburetor throttle plate which provides
carburetor vacuum when the throttle plate is opened (Transparency 2) .

.
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V.

INFORMATION SHEET .

-

Purpose of the ignition timing system -The purpose of the ignition timing system
1s to regulate the timing of an automobile e 9?gme to provide .more effective
emission controf during conditions of engine idl¢ and deceleration

(NOTE: Emissmns are highest during idle/ conditions. To reduce emissions,
the spark 1s retarded and idle speed increaséd which allows greater air volume to
dilute the fuel mixture and improve combustion The retard 1s approximately an
additional 12° from normal retard of 6°)

Operation of thermostatic vacuum switch (TVS) (Transparency 3)

_(NOTE The operation of the TVS is similar to any of the following valves com-
“monly “used by ‘the auto industry: PVS, CTO, FIC. Some manufacturers use a

solenoid to control vacuum under normal conditions but rely on a TVS combu
natnon valve to diréct vacuurd whan the engine overheats.) » P

-

A. Engine temperature is sensed by the TVS probe in the engine coolant

B. Wnder normal conditions the check ball is in a down posituo}s
>
C. Vacuum is directed from carburetor port to distributor vacuum advance
unit .. . ’

o
.

D. When engine temperature rises’ above 210° the check ball is_forced upward
h ] . .

(NOTE: The co‘pper oxide paste expands when heated and pushes the check
ball upward against the normal spring tension. Temperatures vary with
apphcatnon ) -

E. Vacuum from ‘carburetor port 1s cut off

F.  Vacuum is directed from the manifold port to the dsstrrbutor < :

J

(NOTE" Prolonged idle can cause- overheatmg To reduce engine temper-
ature a higher idle speed i1s provided- By causing manifold vacuum to advance
timing. Engine speed increase promotes cooling by the fan.)

G. A decrease in engine temperature allows the check ball to return to normal
position . . ~ - -

Operation of the dual diaphragm vacuum advance unit (Tr-anspa'rencyA) )

A.  Vacuum signals are receivad from the carburetor port or intake manifold
" port : :

-
’

-

B. The outer diaphragm operates on carburetor vacuum to advance timing

(NOTE: The outer diapMragm 1s the advance diaphragm It is larger and,
therefore, can override the smaller unit with less signal.) .
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'  INFORMATION SHEET _ )
' b

C. Thenner (rétard) diaphragm operates on manifold vacuum

R "(NOTE: Manifold vacuum s stronger at idle and during deceleration than

carburetor vacuum so the timing is retarded under these conditions.)
¢

D. Calibrated springs center the diaphragm under low vacuum conditions

E. The advance diaphragm is connected to the breaker plate of the distributor

’

F.  Movement of the" dlaphragms mcreases or decreases spark timing as the
breaker plate moves with or agamst the distributor ratation )
s R
) G.  Under overheat or cold start conditions, manifold vacuum is provided
. - to the advance d|aphragm to prov:de needed timing increases

P ‘ v . .
.

. . B -(NOTE: Vacuw‘n signal is directed to the _distributoy by the- TVS. The
- - T samejsr'gnal is‘received by both diaphragms but the advance unit is Farger and’
. can over’come mg smaller one to increase or advancethe timing.)

+* @

Al - Under deceferation condr,tudns the weak carburetor ssignal to the advance

- . d.uaphragm 1S overcome by the retard diaphragm bec3use of a strorig manifold

‘ . k vacuum supply and spark timing is retarded

) (NOTE: The retard vacuum signal is momientarily delayed on deceleration
in some applications.but most use a spark delay valve which cuts off advance

. immediately on deceleration. New methods provude for continued-combus-.

.- o ' tion through air m]ectron systems.so a deceleratuon valve is not needed in
timing systems. ); e -

o - .

) ) e V. Cold start spark advance (CSSA) operation (Transparency 5) N

(NOTE To promote driveability during conditions of .cold engine tempera-
‘ - tures [below 125°F] a cold start system is used. This desctiption is of a Ford
C system. Other manufacturers are similar or use smbient temperature swutches in

. place of a second PVS.)

A. The system consnsts of two PVS controls with different temperature ranges:
{main-PVS and CSSA PVS)
B.  Under normil conditions, the main PVS directs carburetor vacuum sig-
. nals to the distributor R

Oe
- -

" Quring cold start conditions the CSSA PVS:.

1. Cuts off carburetor vacuum from main PVS r

L. P, 2. Provides manifold vacuum through DRCV to distributor

AEC 161




* INFORMATION SHEET

D. Above 125°F th&ESSA PVS:
1. Cuts off manifold vacuum
2. Provides carburetor vacuum through SDV to distributor

E. During overheating conditions the main PVS:

*> L]
1. Cuts off carburetor vacyum
@ L ’
2. Directs manifold vacuum to'distributor. .
- .8
- o Ky © € ' R
. . . ’ . R - . .
, ~e w . “ ° = . ® . N -
¢ ¢ \ : LY
«F : 4 -
&
. ’ -
o~ . . 3 .

-\

3




Thermosiatic Vacuum Switch
TVS/PVS

“[ Check Bah

§

To Carburetor

Tji Distributor

N

.,
~

~Coppér Oxide Paste

.

To Intake Manifold

AEC 163
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® “Carburetor Vacuum'Advance Port

. 4 !

?
. I
. . .
‘A
y . -
. N Ld Y l
. 3 JQ . . .
. N - . .

. - -

+ N S ‘e 4 v

» -
- »

. .
- .
- .
5
- ’ »
. f
. . .

R ‘ | ‘ r

. .
.
[ R

Vacuum Port

o

Throttle Plate
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® - Thermostatic Vacuum
: Switch Operation
rBa'll Down | IR Open )

Carburetor : Throttle
. Plate

| ' ' Manifold
""’ Port
Dlstnbutor i \ Advance
‘ _ Signal- Distributor '
\_ Norni'@i Off Idle Operation ,
(Ball U )
P - Closed ,
: ‘No Carburetor Throttle N
Vacyum ./ Plate
j) ~ ’ ’
l % I e Manifold
— T e Vacuum
* ,: | Y 7 \‘
, T@ﬂ\Advance
Distributor ~~ . Distributor
, Signals
. A\ Overheat Condition . J
e B Y -




Dual Dlaphragm Vacuum Advancg
Unit & Operatlon S

2

.
L]
5
.
v
»
.
. . [
° -
.
pp——— p— »
M ~ . ¢ o
4 . -
. v . -~ .
. ”, p ~ e .'
. M 5 - v
~ . & e 4
i - .ot .
4 4
. «
. .

Manifold Vacuum

Carburetor
Vacuum
Port

AN \
§ N

Manifold
"Vacuum

\

Carburetor Throttle Body

' : e
. N
Carburetor- \\\\§

Ported
Wacuum

Port
. Diaphragm

Retard
Advance Diaphragm

-
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- Spérk ,Contml"ﬂpérationf
Using Multiple TVS/PVS Valves

( Spark Port DRCV ’ ﬁ

Dist .

Intake Manifold . +
Vacuum Tap

Reqular Spark PVS Cold Spark PVS

\_ - Cold Engine Operation (Below 195°) )
[ ’ Spark Port _ ’ | \

Intake Manifeld
Vacuum Tap ’

Regular Spark PVS . Cold Spark PVS

Normal Engine Operation

L) » \
( : Spark Port '
y

-----

" Intake Manifold
Vacuum Tap

Regular Spark PVS Cold Spark PVS

o

Overheatlng Engine Operatlon (Above 235 ) )

AEC 171
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' IGNITION TIMING SYSTEM
' UNIT V11|

c\"_ n B . .
' JOB SHEET #1-TEST FOR PROPER OPERATION OF THE

THERMOSTATIC VACUUM SWITCH
L)

A} -
I Tools and equipment
‘ ~
A. Two vacuum gauges
. v . B
- oo B.  Vacuum pump or outside vacuum source .
Il.  Procedures

A. Disconnect vacuum hoses f%om TVS/PVS unit

(NOTE: This description is forg 3 connector TVS. The basic procedures
can be repeated as needed for ‘r’ applications.) \
. ) N

B.  Connect a vacuum pump to the center or distributor port .

' C. -Connect, one vacuum gauge to both top (carburetor} and bottom [mani-

fold) port
’ ' - D. With engine coolant temperature at normal temperature apply vacuum to
the TVS .
S ! N .’
) E. The top gauge should have the same reading as the :source gauge and no
"’ vacuum should be present at the bottom gauge ' \ :
@ B . \ .+ 'F. 1f novacuum is noticed at top gauge, replace TVS
> " . ' .
G. Raise ‘the engine coolant “temperature to overheat conditions by .cover-
ing the radiator - e . .
? (CAUTION: This condition -should be maintained for no longer than 3
‘. minutes.) . : : -
N } - e 4 . .
(NOTEI The temperature W|ll41crease due to lack of airflow through the
radiatof. The TVS will operate before overheat conditions Qcceur so there is -
¢ . ample prevention time to perform testing activities.)

H.  Apply vacuum to the TVS and note readings on the gauges

I, There s‘hrould be no vacuum on the tob gauge anq equal readings on the
" middle and bottom gauges . -

»

-

J. Ifno vacuum switch exists on bottom gauge, replace TVS

it

' " K. Remove radiator covering and reconnect vacuum hoses
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. * . . . ’ -
e . JOB SHEET # 1 . R
) -
. L. Allow engine to run at fast idle for a few minutes to lowér coolant tempera-
ture
b (NOTE. When performing these tests be certain radiator cap and all water
hoses are in werking condition to prevent damage to engine or loss of
coolant.) .
M. An alternative check on everheating operation can be performed by noting
' . - engine R.P.M. increase when vacuum hoses are reconnected
(NOTE: These are general service procedures. For exact procedures and
) calibrations, check manufacturer's shop manuals.) ‘
A f‘\‘ v -
. o
" »
- 3
- : 4 - -
Lo ) T .
¥ - .
A .
) - I
| .
I . [ o
- v - \
L 4 r)
@ d & - " ‘
} . ‘ « 2,‘ ‘
‘ N
] .
} . / .
4 L
. d 1 -~
! 4 ul ,

Emc" ’

h Y ”~
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- .

"IGNITION TIMING SYSTEM
UNIT Vil

JOB SHEER#2 -TEST FOR PROPER OPERATION OF THE
~\, VACUUM ADVA!\JCE UNIT
l Tools and eq:.hpment
A Tachomet_er
B. Vacuum pump or externa yacuum source .
- C Lineplugs
D  Shop hand tools
E. .Timing hght .
. Progedure ’{ i
A. Set parking brake and block drive wheels-

B.  Place transmissidn in park or neutral

*C  Connect a tachometer and tinming light to engine
(NOTE: An oscilloscope may be used if available.)
b D. Start’engine and allow to warm to normal operating temperature
E  Check for loose, cracked, or da.maéed \b/acuum hoses
F. Note tachometer‘réading when warm

G. Disconnect vacuum advance hose and retard hose at distributor and plug
«  both hoses after determining if vacuum is present i

—
H. Set engine idle to manufacturer's specifications and adjust timing to normal
. , retard reading X
“ Check for centrifugal advance by gccelerating the engine to approximately
. 1500 R P M. and noting timing”Mark position; repeat acceleration a few
times )

J Apply approximately 15 inches Hg of vacuum to distributor advance connec-
tions
|

K. ®Note R.P.M. increase and determine if vacuum 1is held by the diaphragm
for approximately one minute

L If no R.P.M. increase is noted or if vacuum is not held, replace the advance
assembly

~

®

’
—~



176

JOB SHEET #2

v

- . M. Apply the vacuum source to the distributor retard connection and note i
R.P.M. decrease

. . N If nodrop is noted, replace vacuum unit

. O Stopengine, remove equipment and reconnect vacuum hoses
\ (NOTE These procedures are general service deseriptions. For exact settings
~ and calibrations, check manufacturer's shop manuals.)

- [P

‘v

e T S

‘-



1 Match the components on the right to tHe correct functions.

a

IGNITION TIMING SYSTEM
UNIT VI

* NAME

AEC 177

" TEST -

-

A vacuum regulated device on the distributor
that advances engine timing on impulse from
the carburetor port or retards timing when a
signal 1s received from the manifold port

An opening above the carburetor throttle
plate which provides carburetor vacuum
when the throttle plate is opened

A dual function valve which delays or restricts
vacuum advance during rapid acceleration a,pd
cuts off vacuum advance on deceleration
A temperature sensitive valve which regulates
vacuum from carburetor or manifold ports to
vacuum advance unit according to engine
coolant temperature

A control valve which restricts spark retarda-

tion signals to the distributor during condi-

tions of cold engine temperatures

A temperature sensitive valve which directs
vacuum advance during condltlons of engme
overheating

A single function valve which restricts vacuum
advance to the distributor during rapid
acceleration but does not cut off vacuum on
deceleration

2. State the purpase of the ignition timing system.

1. Orifice spark
advance con-
trol {OSAC)

2. Coolant temp-

erature over-
ride valve
(CTO)

3. Dual diaphragm
vacuum advance

unit

4. Vacuum port

5. Thermostatic

vacuum switch

(TVS/PVS)

6. . Spark delay
valve (SDV)

" 7. Distributor

) retard con-
trot valve
{(DRCV)

<
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-
I

3. Describe the operation of the thermostatic vacuum switch

a. - .

b.

o -

g. 5
4. Describe the operation of the dual diaphragm vacuum advance unit
a.

b.

5. Explain the operation of the cold start spark advance system.
a.

b.

6. Demonstrate the ability to

a Test for proper operation of the thermostatic vacuum switch

<

b. Test for proper operation of the va&um advance unit ’ -
{NOTE {f these activities have not been accomplished prior to the test, ask ,our \
instructor when they should be completed.) . i
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IGNITION TIMING SYSTEM

UNIT VI
\ ANSWERS TO TEST  °
a 3 \
b. 4 |
¢. .6 ' .
d. 5
e. 7 »
£ 2 \
g 1 .

\ .
The purpose of the ignition timing system is to regulate—the timing of an automobile
engine to provide more effective.emission control during conditions of engine idle and
deceleration . \ s
A
\\

Description should include:

-~
-~

a. 'Engine temperature is sensed by the TVS probe in the engine coolant\
b. Under normal conditions the check ball is in a down position N\
c.  Vacuum is directed from carburetor port to distribytor vacuum advance unit \
d.  When engine temperature rises abO\;e 210° the check ball is forced upward

e.  Vacuum from carburetor port is cut off

f. Vacuum isdirected from the manifold port to the distributor

9. A decrease in engine temperature allows the check ball to return to normal
position \ '

" Description should include: o

\ [
\

a.  Vacuum signals are received from the carburetor port or intake manifqld port
b.  The outer diaphragm opefates on carburetor vacuum to advance timing

c.  Thenner (retard) diaphragm operates on manifold vacuum

S

d. Catibrated springs center the-dlaphragm under low vacuum conditions

e The advance diaphragm }f connected to the breaker plate of the distributor
f.  Movement of the d‘iap' gms increases or decreases spar\k timing as the breaker
plate mdves vyith or against the distributor rotation . ~

SR > \

!
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g.  Under overheat or cold start c'onditic}ns, manifo\m:hum is provided to the
advance diaphragm to provide needed timing increases , -

h.  Under”deceleration conditions the weak carburvr signal to the advance dia-
phragm is overcome by rétard diaphragm because of a strong manifold vacuum
supply and spark timing is retarded

5. Explanation should include: ‘ : 1

a. The system consists of two PVS controls with different temperature ranges

b. Under normal conditlons, the main’ PVS directs carburetor vacuum signals to
the distributor ' ) .

c. | Du.nng cold start conditions the CSSA PVS: -

1. Cuts off carburetor vacuum from main PVS

2. Provides ;nanifold vacuum through DRCV to distributor
d.  Above 125°F the CSSA PVS:

1. Cuts off manifold vacuum

2. Provides carburetorvacuum through SDV to distributor

e.  During overheating conditions, the main PVS:
1. *Cuts off carburetor vacuum
2. Directs manifold vacuum to distributor,

6. Performance skills evaluated to the satisfaction of the instructor

-

.
-
L.,
E s 4 »
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*t

. SPARK ADVANCE CONTROLS '
. UNIT IX . \,\

. ' UNIT OBJECTIVE

-
' -

After completion of this unit, the student should bé able to state the purpose of the trans-
mission controlled spark system and explain the operation of the components of the system.
The student should also be able to démonstrate the ability to visually inspect, test, and
service the components of the system. This knowledge will be evidenced through demonstra-
tion and by scoring 85 percent on the unit fess. . -

, SPECIFIC OBJECTIVES

After completion of this unit, the student hould be able to.
1 State the purpose of the'transmission controlled spark system.

2. Match the components of the transmission controlled spark system to their
correct functions.

3. Write abbreviations generally used “with common terms and components of
transmission controlled spark systems when given the term or component.

‘ . 4. Distinguish between the components of a speed controlled system and a transmis-
1sion regulated system. .

. v

5. Explain the operation of the transmission regulated spark sys'tem.

6. Explain the operation of a speed controlled spark system.

1

7. Demonstrate the ability to determine the proper operation of a transmission
. controlled spark system. : )

-

!
i
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SPARK ADVANCE CONTROLS
UNIT 1X

i SUGGESTED ACTIVITIES

J Instructor:
A.  Provide student with objective sheet.

B.  Provide student with information and job sheets.

C  Make transparencies,
D. Discuss unit and specific objectives. . -
® E. Discuss information sheet. -

F. . Demonstrate and discuss the procedures outlined or the job sheet. )

G.  Give test. ~ -
Il Student: " -
A. Read objective sheet, . ,

B. Study information sheet.

C. .Complete job sheet.

D. Take test - (M

INSTRUCTIONAL MATERIALS (.

I Included in this unit:
A. Objective sheet \
B. Information sheet
C. Transparency masters
1. TM 1.-Speed Controlled System

2 TM 2-Transmission Regulated System

D. Job Sheet #1--Determine the Proper Operatnon of Transmission Controlled
‘Spark Systems "




E.

Test

F. Answers to test

References:

A. Ford Motor Company. 1978 Full Size Car Shop Manual. Detroit, Mich.:
Helm, Inc., 1978.
General Motors Corporation. 1979 Passenger Car Service Manual. Detroit,

- Michigan: Service Section/General Motors Corporation, 1979.

C. Ford Motor Company. Vehicle Emission Control Systems. Detroit, Michi-
gan: Service Publications/Helm, Inc., 1978. )

D. General Moprs Corporation. Emissions Control Systems Maintenance

1978.
e

Manual. Detroit, Michigan: Service Section/General Motors Corporation}
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SPARK ADVANCE CONTROLS
UNIT IX .

4

- M «

INFORMATION SHEET :

l Purpose of the transmissian controlled spark system--The pdrbose of the TCS
system is to reduce emissions during periods of low speed operation by retarding
ignition timing

Id
i, Components and functions

A. THerm&\@tlc vacuum switch (TVS/PVS)--A temperature sensitive valve
which regulates vacuum from the carburetor or manifold port to the vacuum
advance unit agcordmg to engine coolant temperature

- B. Transmission switch--A mechanically operated switch located in the trans-
mission which opens or closes an electrical circuit to a vacuum control
soleRoid depending on gear selection

C.  Vacuum control solenoid--An electrically controlled valve which regu-
lates vacuum supply to the distributor vacuum advance unit

. D. Speed’sensor-»A speedometer cable driven device that generates an electrical
- . charge at a predetermined speed to actuate a vacuumi:tr} solenoid

E. Ambient temperature switch--A bimetal temperature sensing electrical
switch that opens or closes an electrical cirtuit to a vacuum control solenoid

F.  Electronic ggntrol module (ECM)--A solid state or magnetic chip computer-
like device which analyzes electrical impulses from various sensors and sends
appropriate signals to engine controls ‘

G. Speed.control switch--A transmission switch linked to the speedometer
gear which uses a governor-like method to open or close a circuit to the
vacuum control solenoid according to vehicle speed

H.  Combination emission control valve (CEC)-A triple function electromag-
netic control which operates as a transmission controlled spark solenoid, an
idle stop solenoid, and a dashpot on some G.M. autos

b/\ l. Electronic amplifier-An electrical control which increases the strength of

impulses received from engine sensors and sends tlhe stronger signal to
electronic epgine controls

(. Common abbreviations for components and terms of the TCS system
A.  TCS--Transmission Controlled Spark System

B.  NOy--Chrysler name for Transmission Controlleq Spark

C. TRS-Transmission Regulated Spark
L 3
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INFORMATION SHEET

. -
D. CEC--Combination Emissions Lontrol \_\J

i

E. ECM--Electronic Control Module
F. PVS-Ported Vacuum Switch‘

« G. CTO--Coolant Temperature Ovérride Switch
H

TVS--Thermostatic Vacuum Switch

T1C--Thermostatic ignition Controt

J.  CCS--Controlied Combustion System
OSAC--Onf:ce Spark Advance Control System
'ESC--Electronic Spark Control
EEC--Electronic Engine Control System

K
L
M
N. SDV--Spark Delay Valve
0. CSC--Coolant Spark Control .
P

SCS--Speed Control Switch

o

Q. SAVM--Sp'ark Advance Vacuum Modulator
R. CSSA-Cold Start Spark Advance
V. Components found tn the two types 6f transmission controlled spark systems

A S.peed controlled {Transparency 1)

1. Vacuum solenéd

PVS overheat system

Cold start override system

Speed sensor

o~ W N

Electronic amplifier
B. Transmission regulated (Transparency 2)

1. Vacuum solenowd

2. PVS overheat system

3. Cold start override system

4. Transmission switch
vy
2
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Aruitoxt provided by Eic:

Vi,

Operation of the transmission regulated spark system

AINFORMATION SHEET

(NOTE: On manual transmissions the swntch is linkage activated. On automatic
transmissions it js operated by fluid pressure. Both are inactive under cold condi-
tion because of the cold start override systems utilized to improve drlveablllty )

CA.

D.

E.

F.

N

\

h
Operatlon of a speed controlled system

A.

"-do not use aﬂ' electronic amplifier.)

v '

Normal vacuum advance is provided until engine temperature reaches 95°F
or ambient air temperature is above 65 °F

(NOTE: Temperature ranges are different for each application.)

When vehicle is in 1st or 2nd gear the transmission switch energizes*the
vacuum solenoid

Macuum is cut off from the vacuum advance unit and timing is retarded

When the transmussuon is in high gear the transmission switch deenergizes the
vacuum solenoid

- v

Vacuum is restored to the vacuum advance unit to provide normal timing

Whenever the transmission is shifted to a lower gear the transmission switch

energizes the solenoid and timing is retarded

Under engine joverheat ‘conditions a PVS will dlrect manifold yacuum to
the advance unit regardless of gear selection ¥

(NOTE: The system is protected by automatically providing manifold
vacuum to the advance unit when a system component, malfunctions.)

- -

)

Normal vacuum is provided until, engine temperature reaches 95°F or am- |
bient air temperature is above 65°F

N
When vehicle speed is below a preset.limit the solenoid is energized by the
electrical circuit

(NOTE: Vehicle speed is generally preset at lower than 30 mph but this
varies with engines and manufacturers. )

Vacuum is-cut off to the advance unit and timing is retarded
When vehicle speed increases above the preset I|m|t the speed sensor sends
an elettrical charge to the electronic ampllfler

(NOTE: Some systems have a speed sensor that opens an electrical ci
deenergize the solenoid instead of*‘one that produces an electric chg

The amplifier deenergjzes the vacuum solenoid

LAY




: INFORMATION SHEET

F.  Vacuum is restored to the vacuur advance unit to provide normal timing

’ G. When vehticle speed drops below 20 mph the sensar stops sendlng signals
‘ o the electronic amplifier

<

.H. The vaduum solenpid is energized and timing is retarded




-

. - ‘

| Speed Controlled System

ALtema;e type of sensor
used on some applications

o

N

Carburetor

>
-

Electric PVS valve
used on some models

Solenoid Vacuum
Control Valve

Distributor . .
. . Ambient Temperature Switch
~ Vacuum Operation o Electrical Operation. 5
. | : i
Q0

I A
11-’
-




. . N

T
| ‘ | Electric PVS valve

| used on Some models

| To Ignition Switch

N

I

I ®

I .

| T

| &)

I

I e X

I ‘ .

I8 . .
— | Ambient Temperature Swntqh

o0

& Ground Circuit

l Solenoid Vacuum

. ) :r
|
: \J' i |)  Control Valve

N
N @‘3 ,DisfributO"

2 Vacuum Operation Electrical Operation
e b | '

Transmission Switch

AT
1) !)l);.»)‘

" 16l 03V
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: SPARK ADVANCE CONTROLS |
. UNIT I1X :

JOB SHEET #1- DETERMINE THE PROPER OPERATION OF
TRANSMISSION CONTROLLED SPARK SYSTEM

&

! Tools and equipment
A Timing light ~ !
B Tachometer
C  Shop hand tools
D. Freon canister .
E Electric test lhight
. - F.  Thermometer . . ‘ \

L] Procedure- '

z

-

A Place vehicle on hoist and.elevate so rear wheels are off the.ground
o \ .
B.  Connect timing light and tachometer to engine

C Start engine and note spark advance under cold conditions .
D If equipped with ambient air switch spray with freon to approximate cold
conditions and note timing . \ -

(NOTE Steps E through H are ?or transmission regulated systems. Steps
| through Q are for speed controlled systems:) %' » )

E With engine warm, place transmission in low gear and note timing change
F. 1If timing does not retard in low gear, test electrical circuit to solenoid 24

G If current 1s operational, replace solenoid

e v I

: H  Place transmission in‘high gear and note timing advance * ~

(NOTE. If no advance is noted, check for vacuum at distributor Replace
advance unit if no advance i1s noted when vacuum s present.)

| With enqgine warm, place transmission 1n high gear and adjust engine speed so
‘ that vehicle speed 1s 15 mph and noté timing change .

-




J.

~

M.

0.

JOBBHEET #1

If timing does not retard, check electrical current to solenoid

-

.

if current lis operational, réplace solenoid .

increase engine and vehicle speed to 35 mph and note timing change
if no timing advance 1s noted, check for vacuum at distributor

if vacuum is present, replace the advance unit

if no vac%m is present, check the electrical circuit from the speed sensor

if no charge is'bemg generated, replace the sensor

-

4

(NOTE: On some applications a speed switch 1s Gsed: to open a circuit
No current is present in this application at speeds above 35'mph.) -

it current.1s generated by the sensor, check the electronic amplifier or

'soIenoud and adjust or replace as needed -

- Check for engine overheat by placing a plece of cardboard in front of radi-
ator and noting engipe timing ad'vance as englne coolant reaches 200°F

(CAUTlON Do not prolong this test for more than 3 minutes Engine PVS

systems operate before overheat conditions so ample time is provided-

ta complete the test. Allow engine to idle before’stopping.)

Remove all equipment and test apparatus from engine ’

-

Remove vehicle from the hoist . y

(NOTE These procedures are basic. Specmc re“palr procedures are provided
in manufacturer's shop manuals. Most components are not serviceable and
must be replaced.)

S
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' : . SPARK ADVANCE CONTROLS
‘{l' UNIT IX d

NAME -

e

: TEST : ‘

- .
»

1. State the purpose of the transmission controlled spark system. o -

— . \

1

2. Match the components on the right to their correct functions.

a. A bimetal temperature, sensing -electrical 1. Thermostatic
“switch that opens or closes an electrical vacuum switch
circuit to a vacuum control solenoid ’ - _ (PVS/TVS)
b. An electrically controlled valve which regu- 2. Transmission
lates vacuum supply to the distributor vac- switch . -
! uum advance unit o % .
S . 3. Vacuum control
’.‘ . c. An electrical control which increases the - solenoid
' . strength of "impulses received from engine '
| ) \ sensors and sends the stronger signal to 4. Speed sensor_
. \\ electronic engine controls
- \ 5. Ambient tempera-
o d. A temperature sensitive valve which regulates ture switch
\ kN vacuum frgm the carburetor or manifold port .
\\ to the vacuum advance unit according to 6. Electronic con-
\_ engine coolant temperature trol-module (ECM) .
\\ , . ‘ , , ..
*_e. A transmission switch linked to the speedo-™ 7.’ Speed control
\ Mmeter gear which uses a governor-like method switch .
to open or cjose a cirCuk to the .vacuum .
. control solenoid according to vehicle speed '8, Combination
: N © emissioncon- ’
f. mechamcally operated ~switch located trol valve
~ in'the transmission which opens or closes an (CEC)
. * elegtrical cireuit to a vacuum conitrol solenoid . ¥ ’ :
dep dmg on gear selectuon , 9. Electronic
.o amplifier '
g. A solid -state or magnetnc“ch1p‘co¢nputer- . .
like device which analyzes electrical impulses
a from vav\igus sensors and sends appropriate

) " signals toengine.controls
® -

\ 174




-h. A speedometer cable driven device that
generates an electrical charge at a predeter-
mined speed to actuate a vacuum control
solenoid

A trple function electromagnetic control

which operates as a transmission controlled

spark solenoid, an idle stop solenoid, and a
- dashipot on some G.M. autos

v

Write the correct abbreviations in the blanks in front of the common terms and com-
ponents used in the transmission controlled spark system.

a. Ported Vacuum Swsteh
_ b boolant Temperature Override Switch
Electronic Control Module
. Thermostatic Vacuum S;/vitch
Combination Emissione Eontrol
Thermostatic Ignition Control
Trar.\ém'wsuon Regulated Spark

Controlted Combustion System

Chrysler name for Transmission Controlled Spark

Orifice Spark Advance Control System

. Transmission Controlled Spark System

Electronne Spark Control
. Cold étart Spark Advance
Electronic Engine Control System
Spark Advance Vasium Modulator
3. Spark Delay Valve

Speed Control Switch

Coolant Spark Control
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‘ 4. Distinguish between the components of a speed controlled system and a transmission

regulated system by placing an "X" beside the components found in a speed controlled
system. ’

a. Cold start pverride system
____b.PVS ov'erheat system .
c. Tra!nsmission switch
. ‘ ______d. Electronic amplifier )
i ____e. Vacuum solenoid

f. Speed §ehsor.

5. Explain the operation of the transmission regulated spark system.,

-

.« a.

b, . N Q

s g.

6. Explain the operation of the speed controlled spark system.

A

@ \ -
a

b. \ -~




7. Demonstrate the ability to determine the proper operation of a transmission controlled
spark system. .

(NOTE: If this activity has not been completed prior to the test, ask your instructor
when it should be accomplished.)
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SPARK ADVANCE CONTROLS
S UNIT 1X

-~ ANSWERS TO TEST

The purpose of the TCS system 1s to reduce emnssnons durlng periods of low speed
operation by retardlng Iignition timing

‘
v

a, 6 b f 2 s )
b. 3 ) g 6
€ '9 . h_. 4, ‘
d 1 . 8 \
‘e 7 -
¥ PVS
b CTO B
c €eMm k
d VS - Lo
e CEC .
ATIC
é TRS ) -
"h CCS
| NO, .
j  OSAC
k - TCS
| EsC .
m CStSA -
n. EEC ,
o SAVM
p  SDV
q. ' SCS
r. CSC
*
17,
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4 ab,de,f

5 Exblanation should include:

a. Norma! vacuum advance s provided until engine temperature reaches 95°F or
ambient air temperature is above 65°F

L
bh.  When vehicle 1s 1n 1st or 2nd gear the transmission switch energizes the vacuum

solenoid /

c. Vacuum iscut off from the vacuum advance unit and timig™s retarded
¥ .

d.  When the transmission is in high gear the!transmission switch deenergizes the

vacuum solenoid ' P
‘ ,

v

-

e,  Vacuum 1s restored to the vacuum advance unit to provide normal timing

f.  Whenever the transmission s shifted to a lower gear the transmission switch
energizes the solenoid and timing 1s retarded

g. Under engine overheat conditions a PVS will direct manifold vacuum to the
advance unit regardless of gear selection

6. Explanation should include’ oy

£y
5\

a. Normal vacuum is provided until engine temperature reaches 95°F or ambient
air temperature 1S above 65°F

BN

b When vehicle speed is below a preset limit the solenoid is energized by the elec- N
* trical circuit

.

\ e

¢. Vacuum iscut off to the advance unit and timing is retarded
{ .

d.  When vehicle speed increases above the preset limit, the speed sensor sends ) f
an electrical charge to the electronic amplifier o

e. The amplifier deenergizes the vacuum solenoid
f.  Vaolium is restored to the vacuum advance unit to provide normal timing |

g When vehicle speed drops below 20 mph the sensor stop$ sending-signalk§ to
the electronic amplifier

.

h.  The vacuum solenoid is energized and timing 1s retarded

1. Under engine overheat conditions @ PLS will direct mamifold vacuum to the
advance unit reqgardless of vehicle speed

7. Perf&mance skilis evaluated to the satisfaction of the instructor

\) . Ll IR ]
. . [
N’C - ' N 1)
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. i EXHAUST CROSSOVER SYSTEM
g UNIT X

UNIT OBJECTIVE

-

i : After completion of this unit, the student should be able to explain the purpose of the
exhaust crossover system and demonstrate th ability to check for proper operation of the
system and make needed adjustments This awowledge will be evidenced through demon-

N stration and by scoring 85 percent on the unit test. 4

SPECIFIC OBJECTIVES
¥ .

After completion of this unit, the student should be able to:

-

1. Match the components of the exhaust crossover system to the correct func-
tions. .

2. State the purpose of the exhaust crossover system.

3. List effects 6f the exhaust crossover system on an automobile engine.

4, Explaln'the operation of'the\:xhaust crossover system.

.

o D Demonstrate the ability to check for proper operation of the exhaust cross-
' Q)&é system and make needed adjustments. -




.
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. " EXHAUST CROSSOVER SYSTEM
. . ¢ v U T X ,
» 'S s SUGGESTED-ACTIVITIES o
~ -
Instructo: & ' ' )
A . Providesstpdent with gbjective éhcct
' * ~e
B F‘m\m'ie student with nformation and job sheets -
‘q.h . 4 * - .
+ C Make transparen \ . ‘
. N #
D Discuss umit and spdgific.objectives . .

£, Discuss information sheet

F . »Demonstrate am! discuss the procedures outhned‘ln the jobh sheet.

G Guwe test

]

Stutlent

.

,

-

¢

3

A Read objective sheet

’

1 »
B . StU(‘ly;Ln,format:On sheet
. ' - ~

C @omg;let'e Joti sheet ) T
[] - 1 ] - .
{ L .

. o

9

D Takg'test '

v Tt B .
+ INSTRUCTIONAL MATERIALS
. R ! ) L R . . ’
, Included 1L Igts Uit " -~ N Cu

A Objective shéet »

v \
B Information sheet L CoL
-

« C ' Transparency masters™ - .

v r.z

. g ™ 1 T\/bt_‘s\of é:haqst Valves

.2_

TM 2

D

.

w

-Exhaust Valve Operation
o
’ T

“E

and Maké Needegd Adjustntents . -

Test

s

Answers to jest * s

' ' . -

-

N - 5 \\_4 ,
Job Sheet =1 Cheek far Proper Operation of-the Exhaust Crossover System
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References’ -
A. Chrysler Corporation, 1979 Chrys]érP/ymouth-D()(/ge Chassis-Body Ser
vice Manual Detroit, Michigan Service Department, 1978

B _ Ford Motor Cbmpany Vehicle Emission Control Systems Detroit, Mich
igan Service Publications/Heim? inc., 1978
v B P’ >
C Ford Motor Company. 1978 Full Size Car Shop Manual Detroit, Mich
Helm Inc, 1978 -

D General Motors Corporation 1979 Pas‘senger Car Service Manual Detrout,
Michigan Service Section’General Motors Corporatron, 1979

-E General Motors Corporation Enugssion Control Systems Maintenarnice Man
wual Detrot, MIChIC]dr’I Service Section/General Motors Corporation, 1978
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EXHAUST CROSSOVER SYSTEM
UNIT X

INFORMATION SHEET - /\/\
]

Components and Wunctions y

A.  Exhaust valve--Restricts the flow of exhaust gas from the exhaust manifold
\,\;_.\}ransparency 1) . ..
B Vacuum actuator (motor)= “Gpens or closes the exhaust valve according

. to vacuum signals from engine (W‘ransparency 1)

. C. Thermal vacuum switch (TVS/PVS)--Controls vacuurh signal to vacuum
. motor by closing off vacuum when engine temperatures' increase (Trans.
parency 2) . ) B

- e
D  Thermostatic coil-Opens or closes the exhaust valve according to the surface

temperatures of the exhaust manifold (Transparency 1) .

a (NOTE. A thermostatically controlled system is used on some apphications
: This system s the same as that used in older rhodel applications prior to
emissions requtrements.) | . .

- ’

H Purpése of the exhaust crossover system--The purposg of the exhaust crossover
system is to preheat intake gases to improve evaporatign and distribution.of the g

" air/fuel mixture - y

-~

i " Effects of the exhaust crossover system on an automobile engine

\

v .

A. Shorter choke periods
* L 4

B Better driveability - . .
i C HE]ps'ell*mmate condensation of fuel . ) -
- - .
N « . D Prévidesimproved evaporation qf fuel mixture .
E’ Reduces hydrocarbon emissions !
t : e .
IV Operation of exhaust crossover system (Transparer}cy 2) N .
A Under cald ,engine conditions the thermal vacuum valve | S/PVS) s
. open : , . -
, -
B.  Vacuum' is provided to the vacuum agtuator (motor) which closes the
. " exhaust valve . .
/ X ’ , »
. (NOTE The exhaust valve 1s spring loaded to remain open unless vacu ’
. = s delivered to the vacuum motor which overcomes spring teasion _an .
. holds the valve in a, closed position The valve s amade of stainless steel to
s prevent corrosion.) . ) .

- Ll

o
Cr
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INFORMATION SHEET

. C  Exhaust gasesfre restricted from passing through the exhaust pipe

(NOTE Normallly the exhaust valve is located on one of the exhaust mani-
. folds (V 8) andfgases are routed through the intake manifold riser before
entering the exlfaust system on the opposite side.) . C

D  Gases are forcgd to flow through a passage in the intakq manifold

E  intake mixtufes are heated by exhaust gases

temperature o the exhaust manifold to open the valve.)

3

i Tt G The éprmg in the valve opens'the valve and restores normal exhaust flow

(NOTE* There are many modifications of the system in use. G'M uses either a
coolant TVS or an oil TVS. Ford uses a thermostatically controiled valve or
a vacuum operated valve with a coolant PVS as does Chrysler. Most smaller
engine {4 and 6 cylinder] applications use a thermostatic valve.)
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@ .. " Types of Exhaust Valves -
, "
-
A Valve Assembly
. - "’(‘%\\@’\ v Motor
\oad A?(\“) acuum Motor
Exhaust Pipe‘——""\/
' . \Vacuum Hose
¢ , Vacuum Operated Valve




. Exhaust-Valve Operation

/
Manifold ‘Vacf]u?n

Vacuum Mbtor

Cold Engine Operation

PVS Closes
=3 Off Vacuum

Vacuum Métor

: \yar'm Engine Operation -
. / . P .

/o
1/.
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EXHAUST CROSSOVER SYSTEM .

. A . o -
. | : . UNITX

w JoB SHEE';' #:‘I éHECK FOR PROPER OPERATION OF EXHAUST
) CROSSOVER SYSTEM AND MAKE NEEDED ADJUSTMENTS
Ny ’Tdools‘and "equnpment * . . - &
- . ‘ A ShoE) hAar;d tools
e B. Heat valve'lubrlcani . . v '
‘ Q C  ‘Tachométer .o ) - ' / e :
fl. Proced;Jre L .- . o "
- “ . D_ A Visually inspect system for damage

B Move exhaust valve by hand to determine freedom of movemept

) / C. If movement s restricted, spray valve assembly with lubricant
. (NOTE. Normal servicing of the systém: calls for lubrication of the valve so it
should be sprayed whenever i1t i1s checked. A damaged vaIVe should be
. . replaced. ), L . .
Iy . 7 .

D. With cold engine, place transmission in park (abtomatlc) or In neugral
(standard) and block wheels

" E Attach a tachometer to the engine i
F.  Start engine and adjust idle to approximately 1,500 rsm
‘ < ]
*G  Remove vacuum hase from vacuum motor-

N ‘ ‘ -, s
\ e H.  Check for vacuum by placing finger over the.end of the hose

\ s

4
(NOTE. Under cold engine ‘conditions there should be vacuum to the
. . vacuum motor from the TVS/PVS to close the valve assembly.)
’ s ¢ N ’
e S If vacuum is_present, replace the kose - . ’
(NOTE: If ho vacuum is found reﬁla’ce the PVS or determine if hoses are
PR connected properly or cracked.)

- . . >
. . J . Allow the enging to warm to normal op ating temperature !

! . .

‘ K Remove the vacuum. hose from"the motor assegwbly and check for vacuum
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JOB. SHEET #1

{f no vacuum 1s present, replace the hose

(NOTE" Under normal operating conditions, the vacuum 1s cut off by the
PVS to allow the valve to open. 4f vacuum is present, the PVS s faulty and
must be replaced.)

[} ]

Stop the engine, disconnect tachorieter, and remove all shop equipment
from the engine

f ' »
(NOTE" These are basic procedures. Some manufacturer's manuals suggest
using a vacuum pump and other tools. Check the manufacturer s manuaf
for exact procedurgs and settings.) "
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EXHAUST CROSSOVER SYSTEM
. UNIT X

NAME

TEST

N

AEC 213

1 Match the components of the exhaust crossover sytem on the right to theyr correct

functuons

. 4

.

2. State the purpose of the exhaust crossover system

.
4 .

a
kd

b

* d

d.

’

¢

Restriets the flow of exhaust gas from the
‘exhaust mantfold . -
Opens or closes the exhaust valve atcording to
vacuum S|gnals framengine

Controls vacuum 51gna| to vacuum motor
by closing off vacuum when engme temp-
eratures increase .

Opens or closes the exhaust valve'according to
the surface temperatuvses of the exhaust
manifold

-

.

3. List four effects of the exhaust crossover system on an automobile engine ’

-— = ,‘-'

.~

a
'

N 4. Explam the operation of the exhaust crossover systen.

, ., 4

-

Thermostatic .
coll

Vacuum agctu-
ator {motor)

Exhaust valve

Thermal vacuum
switch (TVS/PVS)

% -




“« 4
(NOTE _Jf this ac ivity has not been accomphished prior to the test,. ask your instructor
when 1t should be completed )
- . .
. . )
3 - B . . - ,
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g

. .

. N
5. Demonstrate the abnlity to check for proper operation of the exhaust crossover system
and make needed adjustiments '

R,
LR
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EXHAUST CROSSOVER SYSTEM

, UNIT X ’
.o ANSWERS TO TEST
1 a 3 ) : ' .
b 2 .
c. 4 .
d 1

o
2. The purpose of the exhaust crossover systeq 1s to preheat intake gases to improve
evaporation and distribution of the air/fuel systém. J

3. Any four of the following:

a. Shorter choke periods

4

b.  Better driveability

“c.  Helps eliminate condensation of fuel

. N -
d.  Provides improved evaporation of fuel mixture
, .

"“e.  Reduces hydrocarbon emissions

"4. Bxplanatioh should includg: -

e
« .

a. Under cpld' engine cé'r]dlpons the thermal vacuum valve (TVS/PVS) 1s open

- - - . ¥
€y .

¥ . ~. . ., '
. b. . Vacuum s provided to thé vacuum.actuator {motork which closes the exhaust

el Y

“ad. Gases are forced to f|OW through a passage in the mtake mamfol

.
A

. Intake m:xtures are h_eated by exhaust gases -

©

N .
. N .

When the engine warms up to'a predetermme‘d temperature the T
off vacuurh to valve motor  _ ° T

- . ‘ -

g The spring in the valve opens the valve and restares normal exhaust flow
. -  J

’ Toe
F

—

-
»

5., Performance skills evaluated to the satisfaction of the instructor.
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w

EXHAUST GAS RECIRCULATION SYSTEM
UNIT XI

i ‘e

UNIT OBJECTIVE ) ’

,
N

After completion of this Unit, the student should be able to state the purpose of the exhaust
-~ gas recircutation (EGR) system. The student should also be able to explain the operation of
the EGR system and check for proper operation of the system. This knowledge will be
evndenced\through demonstraton and by scoring 85 percent on the unit test,

/ t 8

- : ¢
7

: SPECIFIC OBJECTIVES

.

After completion of this unit, the student should be able to- ) &
1 Match components associated with the exhaust gas recir,qulatnon\system to the
correct functions. . : . . ‘

Y » ‘e -
\ .

2. State the pufpgse of the exhaust gas reélréulatipn system.
3 Expiam the operatian of the exhaust gas recirculation system.
oA . i
4 Demonstrate the ability to-check the proper operation of and make necessary
repairs to the EGR system “ - -

v

.

Py
¥
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Y

EXHAUST GAS RECIRCULATION SYSTEM Ve
, UNIT X1

—

S SUGGESTED ACTIVITIES

I Instructor
A Provide students with objective sheet. . -
L}

Provide students with information and job sheets.

. B
* v C. Make transparencies. R
.7 - -
D DISCUSS unit and specific objectives. ,
- * h %
D»scuss mformatuon sheets ,

. m

E Demonstrate and discuss thi} procedures outllned on the job sheet.
‘G Gve test ‘ 3
iy Student- . e '

A. Read objective sheet.

4 B.  Study information sheet. ’ . “ -
- - "C Completué job sheet ' . R
D Taketest. ) .
INSTRUCTIONAL MATERIALS ) ,

l. Included in this unit
A. Objective sheet
B. Info‘rmatnon,sheet .

C. Transparency masters ' , .

1. TM 1-Ported Vacuum Control EGR System {
4
2 TM 2--Ported Vacuum Sw;tch PVS (Temperature Controlled Vacug#
Valve)
.l [ \
3. TM;3-Amplified Vacuum Controlled EGR System
4. TM 4-Single Diaghragm EGR Valve .
. 5., TM 5-Dual Diaphragm EGR Valve '
6. TM 6--EGR Cooler System
-« ) b [ ] ¢ )
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. 220 ( . . ) K
. D Job Sheet #1'--‘Che,ck the Proper @perat‘non of and Make Neceshsary Repairs
' to the EGR System J
E . Test . ) ' | o
F.  Answers to test -
- Il. References !
A
’ .A. Chrysler Corporatnon 7973 Emussion, Controls. Detrait, MicRigan: Chrysler
Corp ’ .
< B. Gargano Promotfons. Veh/c/e Emussion, Control, Detroit, Mich.: Gargano
- * Promotions, 1973. . : .
' ' C. Ford Motor 'éompany'. 1978 Full*Size Car Shop Manual. Detroit, Mich.:
. Helm, Inc.; 1978 - .
D '* General Motorg Corpor’atlon 7979 Passenger Car Service Manual. Detroit,
_ . Mnchrgan Service Section/General Motors Corporation, 1979,
‘ .+ E. Ford Motor "Company. +Vehictée Emission Contro/_ Systems Volume 11,
" r * Detroit Michigan: Service Publicaﬁqﬁs/ﬁelm, inc., 1978. K .
. ’ - . , )
. F. General Motors Corporation. Emission Control Systems Mantenance Man-
o, ' wal Detrbit, Michigan. Service Section/General Motors Cgporation, 1978. ‘
. . co . ., \ .
- 5] b ® ! *
[ L ]
L R N Y . a
L R -
\ . V. B
» = ' f . - e
, r L Y '
~ . N
l «
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EXHAUST GAS RECIRCULATION SYSTEM . .
UNIT X1

INFORMATION SHEET

o
—

Components and functions

A. EGR valve-Meters or regulates the amount. of exhaust gas ?Iow ta the
intake manifold {Transparency 1) .

- B.  Ported .vacuum switch (PVS)--A temperature actuated valve which con-.

trols vacuum flow from carburetor port to EGR valve according to engine
sensor signals (Transparency 2)

C. Timed vacuum port--Slot like- opening In the carburetor throttle body
above the throttle plate in idle position WhICh provudes vacuum signal
to system

D. Vacuum amplifier--Increases vacuum signal strength from carburetor timed
vacuum port (Transparency 3)

E. Single diaphragm EGR valve--Controlled only by signals from vacuum
source (Transparency 4)

F. Dual diaphragm EGR valve--Controlled by both vacuum signals and back
pressure from exhaust system (Transparency 5)

G. Back pressure transducer valve--Reguldtes vacuum signal to EGR valve .
according to back pressure probe sensors in exhaust system

H. EGR cooler-- Uses@g\he coolant to reduce and regulate recirculating exhaust
gas temperature (Transparency 6)
. .
Purpose of the exhaust gas recirculation system--The purpose of the exhaust gas
recirculation system is to meter exhaust gases to the air/fuel mixture

' ~
(NOTE: Exhaust gases contain little oxygéen and will not support combustion.
They absorb some of the heat of combustion and, therefore, reduce combus-
tion temperatures te control NO, emissions.)

-

Operation of the exhaust gas recirculation system

A.  When the engine is first started and no vacuum,is available, the EGR valve is
held closed by the spring in the unit X . ‘

B. When engine speed is increased and engine temperature increases to warm up
the temperature controlled valve (PVS}, vacuum is directed to the EGR valve

| ‘- .

(NOTE: To improve driveabtlity, the PVS closes off vacuum to the EGR.
valve until engine temperature reaches a predetermined level at which
time the PVS opens to provide vacuum to the EGR valve.)

10+
¢ s



- to the EGR valve'which causes it to close

-

INFORMATION SHEET * '

The vacuum supply causes the diaphragm to lift the valve up to the open
position

Exhaust gases are metered through the EGR adapter plate and mixed with
the air/fuel mixture

As engine speed increases, under warm conditions, the manifold vacuum
increases which causes the EGR valve to open more fully

(NOTE" Systems using the amplified signal method have the vacuum signal
from the carburetor directed to the amplifier unit rather than directly to the
EGR valve. The result is the same for both methods, increased vacuum
causes greater opening of EGR valve.) '

‘ " .
Upder higher speed conditions a cut off valve reduces manifold vacuum

~

»

(NOTE: To improve driveability*in some engines, a high speed modulator
1s used to cut off vacuum supply One system uses an electrical solenoid
which overrides the PVS or vacuum amplifier when a signal is received from
a speed sensor located on the speedometer cable. When speeds are below the
pre-set limit, the system functions normally Other systems use a modulator
valve in the EGR valve which closes the EGR valve when high vacuum
conditions exist.) '

L] *
Back pressure from the exhaust system i1s monitored to reguiate the EGR
valve .

(NOTE: As back pressure bujlds up during acceleration a monitoring system
in the EGR valve or in the exhaust system cuts off vacuum to the EGR valve
and causes It to close. A dual diaphragm EGR valve 1s used in some applica-
tions and an electronic sensor Is used in others.) )

As the engine shuts down, all components return to closed or "off" position

(NOTE" Some newer model applications have an EGR cooling system which
uses engine coolant to reduce exhaust gas temperatures. This system provides

a uniform gas temperature entering the combustion chambers to assist the \

combustion process and improve driveability.)

Fraoh
L S

x;c ' ' \

i

N




Ported Vacuum Control EGR Syste_ni

Carburetor Signal Port

AL

T

EGR. Valve

N

Intake Manifold I

) -

Carburetor Throttle Valve .
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. - %
' Ported Vacuum Switch-PVS

(Temperature Controlled Vacuum Valve)

N -
Y -
* - ’ -
. " ’ .
- LN B .
R .
.
.- .
‘ .
. ’
. ’
.
’
© . ’

v
.

Check Ball —

.....
[

—Temperature Sensor
(Probe)

1:}1: : ' TM2‘
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. .Manifold
Vacuum Line

- -EGRVae -
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|
| EGR Position Sensor-
EGR Cooler Assembly g
EGR Gas
- Water Inlet A

” " To Water Pump
To Heater 'c ¢ ‘
In!et ~ 7 From Water Pump

. \ <)
Manifold }‘1_ EGR Gas
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AEC 235
.
. EXHAUST GAS RECIRCULATION SYSTE \ '}
' UNIT XI - ,
. ) ;
JOB SHE}ET #1--CHECK THE PROPER OPERA OFIAND MAKE
- NBECESSARY REPAIRS TO THE EGR SYSTEM
. Tools and equnpment' %
A. Tachometer . e . - ' .
- . .
B. Appropria‘e hand tools=_. R
C. Protective gloves )
Il. ~ Procedure '
A. Inspect all hoses for cracks and co}xnections for proper fit
B. * Set pérking%rake and block drive wheels ~
7 ay C. Place transmission tn neutral (standard) or in bark (automatic) A
D. Attach a tachometer. {o the engine -
<
. - E. Start engine and adjust throttle to approximately 1,500 rom
“ (NOTE: Steps F through | are used only to determine proper bperation
_ , of the PVS. Proceed to step J.to determine proper operation of the EGRu *
) ' 9 valve for a quick check of the system or when the PVS is not suspect.)
F. Remove vacuum line to EGR valve from PVS and check to see that there
is O vacuum , - . .
G. Replace vacuum hose and allow engine to warm to normal opera’ing temp- .
erature
H. Remove the PVS hose and check for vacyum L
(NOTE: There should be vacuum present when the engine 1s at operating
temperatures. If not, the sensor unit must be replaced.)
I. Replace vacuum line
J.  Accelerate the warm engine to approximately 2,000 rpm
)
K. Disconnect the vacuum line from the EGR valve
L. If engine .RPM increases indicating proper operation, replace the vacuum
hose L
M. If engine RPM does not increase, but the valve moves, remove the EGR
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JOB SHEET #1

R ] \
N. Chean valve assembly and passages in manifold and replace unit

O. Repeat steps J and K to determine proper operation

: \
. + P.  Replace all hoses, shut off eng\ne, and QIsconnect tachometer
A .
N
{NOTE On gual diaphragm EGR valve\s\ some vibration of the valve stem
will occur due to the modulation valve in'the:system. This_is normal opera-
tion and does not require correction.)

~
L g
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EXHAUST GAS RECIRGULATION SYSTEM
UNIT Xi

NAME

TEST . ;

-

\ -

1
1. Match the components on the right to the correct functions

a. Meters or regulates the amount of exhaust gas 1 Single diaphragm
flow to the intake manifold : EGR valve
b A temperature actuated valve which controls 2 Back pressure
. vacuum flow from carburetor port to EGR transducer valve
) valve according to engine sensor signals
3 EGR valve
¢. Slot like opening in the carburetor throttle
body above the throttle plate in idle position 4  Vacuum
- which provides vacuum signal to system amplifier
. d increases vacuum signal strength from car- 5. Dual diaphragm
buretor timed vacuum port EGR valve
e. Controlied only by signals from a vacuum 6 EGR cooler

source
7 7. Timed vacuum
f. Controlled by both vacuum signals and port
back pressure from exhaust system
. 8 Ported vacuum
g. Regulates vacuum signal to EGR valve accord- switch (PVS)
ing to back pressure probe sensors in exhaust
. . ~ system , :
h. Uses engine coolant to reduce and requ-
late recirculating exhaust gas temperature ¢

2. State the purpose of the exhaust gas recirculatiqn®(EGR) system. * -

-
S
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\ . .
3. Explain the operation of the exhaust gas recirglation system.

«

4. Demonstrate the ability.to check the proper operation of and make necessary repairs
to the EGR system.

(NOTE: If this activity has not been accomplushed prior to the test, ask your instructor
when 1t should be completed.)
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EXHAUST.GAS RECIRCULATION SYSTEM '

UNIT X ’
ANSWERS TO TEST )
1. a 3 e. 1
b. 8 f. 5
c. 7 g 2
d. 4 h. 6

2. The purpose of the exhaust gas recirculation system 1s to meter exhaust gases to
the air/fuel mixture.

4

. 3. Explanation should include -

a. When the engine is first started and no vacuum s available, the EGR valve is held
closed by the spring in the unit.

b.  When engine speed is increased and engine temperature increases to warm up
the temperature controlled valve (PVS), vacuum is directed to the EGR valve

c.  The vacuum supply causes the diaphragm to lift the valve up to the open position

d. Exhaust gases are metered through the €GR adapter pfate and mixed with the
’ air/fuel mixture - :

e.  As engine speed increases, under warm conditions, the manifold vacuum increases
which causes the EGR valve to open more fully

f. Under higher speed conditions, a cut off valve reduces manifold vacuum to
the EGR valve which causes it t6 close

9.  Back pressure from the exhaust system I1s monitored to requlate the EGR valve

h. As the engine shuts down, all components return to closed or "off" position

4 Performance skill evaluated to the satisfaction of the Instructor.

-

Py
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POSMTIVE CRANKCASE VENTILA‘(ION SYSTEM
UNIT Xl

.UNIT OBJECTIVE

After completion of this unit, the student should be able to explain the purpose of the positive
crankcase ventilation (PCV) system The student will also be able to explain the operation
of the system and be able to visually INSpect, test and service the system This knowledge
will be evidenced through demonstration and by scoring 85 percent on the unit test

SPECIFIC OBJEC’MS

After completion of this unit, the student should Be able to-
1. Write the purpose of th'e positive crankcase ventilation (PCV) system
2.7 Explain the ;)peratlon of the positive crankcase ventilation system.
3. Demonstrate the ahility to-
a. Make a .general . test of tpe PCV system.

b.  Test the PCV system operation with a tachometer. - :

Qo

A
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L '

POSITIVE CRANKCASE VENTILATION SYSTEM

‘ UNIT X1l

SUGGESTED ACTIVITIES )

R Instructor:
A. Provide students with objective sheet.
B. Provide students with information and job sheets.
. ¢
C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheets.
F. Demonstrate and discuss the procedures outlined in the job sheets.

"%B.  Give test.. ) T
‘ . Student:. .
. A. Read objective sheet. .
B. Study information sheet.
C. Complete job sheets,

¢ D. Take test.
INSTRUCTIONAL MATERIALS

l. Included in this unit:
A. Objective sheet
B. Information sheet

C. Transparency masters

+—F1 C‘W

9. TM 2-PCV Valve Positions o

.’ 3. TM 3--PCV Air Filter
\
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P
IR D. Job sheets - ' ‘ ; 7
« i - 1. :Job Sheet #1--Make a General Test of the RC.VWstem ’ -
< .~ 2. Job Sheet #2--Test the PCV System Obératic_)n with Tachometer . o
E‘. TESI * - x * - . ¥ - ' RS - “
: - N LT
e F: Answers to test ) . .
- 1. References . : Lt

“

A. Chrysler Corporation. 7979 Chrys/e;r-P/ymouth-Dodge Chassis-Body S:er-'
" vice Manual. Detroit, Michigan: Service De_partment, 1978.

B.  Vehicle Emission Control. Detroit, Mich. Gargano Promotions, 1973.

C. Glenn, Harold T. -Glenn's Emission Control Systems. Chicago, IIl.:a Henry
- Regnery Co., 1972. B . ‘ ’ " - <

D. Patterson, D. J. and Henein, N. A. Emissions from Combustion Engines
dnd Their Control. Ann Arbor, Michigan: Science Publishers, Inc., 1973.

E. Oldham, Joe and Forier, Lou. Motor's Emission Control Manual. New
York, N.Y. .

F.  Ford Motor Company. Vehicle Emission Control Systems. Volume. !, Detroit,
Michigan: Service Publications/Helm Inc. {1978).

<

G. Emission Control Systems Ma/'ntenapcé Manual. Detroit, Michigan: Ser-
vice Section/Gen‘eral Motors Corporation, 1978.

'
-~ -

.
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| . POSITIVE CRANKCASE VENTILATION SYSTEM “
. . : ' UNIT XII |
. 'INFORMATION SHEET S

| Purpose of the positive crankcase ventilation system (PCV)--The purpose of the !
PCV system is to remove blow-by gases and crankcase vapors from the &hgine

- in order to prevent sludge formation and oil dilution \
)

* Il.  Operation of the positive crankcase ventilation system (Transparency 1)

e . . . *

(NOTE: Vapors which build up in the crankcase must be removed to prevent
possible engine damage. In early model automobiles, draft tubes accomplished the
- purpose and were later converted to open PCV systems because of federal regula-
tions. Today's automebiles use a closed PCV system to provide a more efficient
. operation. Tr.\is description is of a closed system.)
A. During engine .operation .blow-by gases and oil vapors are accumulated
in the crankcase

B.  Fresh air is drawn into the crankcase through the oil filler cap from the air
cleaner by a tube assembly (Transparency 3)

. ) (NOTE: This air is filtered by the air cleaner filter or by a separate fitter
‘ located on the inside of the air cleaner assembly.)
[
C. The fresh air mixes with the crankcase vapors and gases, then is drawn
—— out through the rocker arm cover and directed to the intake manifold
- (Trgns;’tarency 1)

"

D. The PCV control val\'/e regulates the amount of vapor' which enfers the
. intake manifold (Transparency 2) -

(CAUTION: When a PCV is replaced, the new valve must be matched with
engine specifications according to manufacturer's instructions.)

(NOTE: Due to the precise air-fuel mixtures required by today‘s engines, the
carburetors are calibrated to compensate for the PCV system. To accomplish
this, the PCV valve is matched to the engine size. Otherwise the fuel mix-
tures would be inappropriate for proper engine operation.)

E.  During engine idle conditions, the PCV valve is closed to restrict the amount
of airflow from the trankcase so as not ‘to overly dilute the air/fuel mixture

(NOIE: Under low speed operation with reduced manifold vacuum, a
spring in the PCV valve partially opens the valve to allow more airflow from

the crankcase.) - . s

F __Under normal load with normal manifold vacuum, the PCV valye is fully

‘ opened to draw the maximum airflow from the crankcase

\ | ,
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INFORMATION SHEET

]
N

-

Under conditions of) high manifold vacuum such as in deceleration, the

spring tension 1s overcorne and the PCV valve is closed - T
{(NOTE The valve is designed 'so that a small amount of airflow is drawn
through it by means of a small orifice to allow trankcase ventilation at idle
or deceleration when manifold vacuum is high. Some ventilation also occurs
through the air cleaner hose ur®wr high speed conditions.)

The PCV valve is fully closed during a backfire to prevent a pdssible explo-
sion in the crankcase

(NOTE This situatjon sets up a reverse condition or manifold pressure
instead of vacuum that causes the valve to close. Gases and vapors in the
crankcase are combUstible so the ignition backfire could ignite them if the -
exhaust was allowed to enter.)

a 'y

PN
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PCV Valve Positions

AEC 249

s U O { \
. Clunger or Valve \\\\\\\\\\\

o 4 Idling or Low Speed \
S . \
el 3
( | Engine Higher Speed l \ |
ERTTI ' W .
. N
. ’Max Flow Posit )
2 Engine. Backfir )
Spring.
. Air qu\7v : ‘

™ 2
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®  peV Air Filter

U K
Temperature Bimetal
Switch L Sensor

Vacuum Motor

PCV Filter L -

Filter Retainer | ,

Air Cleaner <
Housing Retainer

. |

Vent Hose’ A Connector B
K -

(A
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JOB SHEET-=1- MAKE A GENER/&L_.TEST OF THE PCV S¥STEM

Tools required--Hand tools as needed

POSITIVE CRANKCASE VENTILATION SYSTEM

Procedure |

A.

B.

O

Remove PCV valve

)

Shake PCV valve

’ L
(NOTE: A clicking noise should be heard.)

Reinstall valve \n hose leading to in
. valve disconnected

Start the engine

»

UNIT XtI

AN

LN

(NOTE: A distinct hissing noise should be heard.)

Place finger over the end of the PCV valve

(NOTE" A strong vacuum should be felt.)
Reinstall PCV valve
Y e
Remove ol filler cap
Hdld a piece of fairly heavy paper next to the opening

(NOTE: It should be drawn down a

force.)

Reinstall oil filler cap
Shut off engine

(NOTE: The preceding results show that the
the system hoses are clear.)

(CAUTION: If"Peplacement of PCV valve is
#t_hfygqrrec_t model fo assure_proper performance )™

(NOTEZ These are BASIC PROCEDURES. Check the manufacturer's service
' shop manual or technical manual for exact procedures for each make and

model.)

+

¢

ro

o

~1

l

»

-

~

L}

*AEC 253

® .
¢

take manifold, leave other end of PCV

gainst the opening with noticeable

PCV valve is operating and

required, be .certain 1o use—————
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POSITIVE CRANNKCASE VENTILATION SYSTEM
ees UNIT X1 \

- Jos SHEET #2--TEST THE PCV SYSTEM 0PERA,TION WITH A TACHOMETER

Tools required--Tachomete}

Procedure

A.. Connect tachometer to the engine

B. Start the engine ’

C. Clamp off the hose between the PCV valve and the intake manifold

D. If the system is operating coectly, a drop of 40-80 rpm will be seen on the
tachometer '

E. No change in ry_indicates a.’sticking‘PCV valve, plugged hoses, or dirty PCV
fllter

F. A drop in engine rpm, in excess of 80 rpm, indicates that the wrong PCV,

‘valve for that engine has been installed -

(NOTE: These are BASIC FROCEDURES. Check the manufacturer's service
shop manual or, technical manual for exact procedures for each make and

. model.)

>

ro
, o
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"POSITIVE CRANKCASE VEF\‘iTlLATlON SYSTEM
UNIT XII

NAME

TEST

- o

1. Write the purpose of the positive crankcase ventilation (PCV) system.

»
2

-
’ 3

2. Explain the operation of the positive crankcase ventikation system. ~ .

-

4

¢ ’ ’ A

3. Demonstrate the ability to:

a. Make, a‘weral test of the PCV system.

—

b. Test the PCM system operation with a tachometer. '

(NOTE: If these actiities have not been_accomplished prior to the test, ask yoyr
instructor when they should be completed.) .

]

Lq)
[
D)
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»

A
POSITIVE CRANKCASE VENTILATION SYSTEM
- UNIT XIE, "

» ’

ANSWERS TO TEST

1]

1. The purpose of the PCV system. s to remove blow-by gases and crankcase vapors
from the engine in order to prevent sludge formation and oil dilution

2. Explanation should include:

a. During engine operation blow-by gases and oil vapors are accumulated in the
crankcase *

b. Fresh air is drawn iﬂto the crankcase through the oil filler cap from the air cleaner
by the tube assembly

C. .The fresh air mixes with the crankcase vapors and gases, then is drawn out
throughthe rocke®arm cover and directed to the intake manifold

d. The PCY contfol valve ‘regulates the amount of vapor which eénters the intake
manifold
!
e.  During engine idle conditions, the PCV valve is closed to restrict the amount of
airflow from the crankcase so as not to overly dilute the air/ fuel mixture

f. Under normal load with normal manifold'vacuum, the PCV valve is fully opened
to draw the maximum airflow from the crankcase
9. Under conditions of high manifold vacuum such as in deceleration, the spring
tension is overcome and the PCV valve is closed
’
2
h. The PCV valve is fully closed during a backfire to prevent a possible explosion in
. the crankcase ‘

3. Performance skills evaluated to the satisfaction of the instructor

A
s )
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AIR INJECTION SYSTEM

UNIT X1 . .
¢
J’ . UNIT OBJECTIVE
After completion of this unit, the student should be able to explain the purpose of the air
injection system. The student should also be able to inspect, test, and repair components of the
system. This knowledge will be evidenced through dennstration and by scoring 85 percent
on the unit test.
*
SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match parts associated with the air Injection system to their correct functions.

~2. State the purpose of the air injection system!
-

3. Explain the operation of the air injection system.

4. List the functions of the diverter (air by-pass) valve.

5. Distinguish between the functions and effects of valves which control the diverter

valve.
]

6. List the six major components of computer controlled (electro[nc) systems.

7. L|st the three components of the pulse air injection system. l

8. Explain the operation of the pulse air injection system.

' 9. Demonstrate the ability to:

a.  Inspect air manifold and hoses.

b.  Inspect drife belt and set correct tension.

- .

-c.  Check air pump output.

&
d. Check diverter valve operation.
™~ o . 3
e.  Inspect check valve operation. .

f.  Check vacuum differential valve operation.

9. Check proper operation of auxiliaty control mechanigms.

’

f)(.a

1

‘v a




AIR INJECTION SYSTEM
UNIT X1

SUGGESTED ACTIVITIES

-
I. - Instructor:

A. -Provide studen;s with objective sheet.

3 Provide students with information and job sheets.

Make transparencies.

\\:

C
D.  Discuss unit and specific objectives. »

E. Discuss information sheets.

" F.  Demonstrate and discuss the procedures outlined on job sheets.

) G. Give test. ‘
. Student-
A. Read objective sheet.
B. . Study information sheet.
. C. Complete job sheets.
D

. Take test.

INSTRUCTIONAL MATERIALS

¢

l. Included i this unit:
A. Objective sheet.

B. Information sheet.

C: Transparency master§ e at
1. TM 1--Air Injection System ° '
2. TM 2--Types of Diverter Vatves D . - .
3.. ™ 3--Dive.rter Valve Operation .

4. TM 4--Air Manifold and Check Valve Assembly

—

‘)‘nl)
At e oy
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5. TM 5. Auxiliary Systems

6. TM 6--Pulsed Air System ‘ . »
7. ™™ 7--Elect;on|c Engine Control (EEC) Ford System |
8. TM 8--Computer Controlled Catalytic Converter GM (C-4) System
b. Job sheets
1. Job Sheet #1--Inspect Air Manifold and Hoses
2 Job Sheet #2--Inspect Drive Belt and Set Correct Tension
3. Job Sheet #3--Check Air Pump Output
4. ‘Job Sheet #4--Check Diverter Valve Operation

5. . Job Sheet #5--Inspect Check ¥alve Qperatien
-6. Job Sheet #6- Check Vacuum Differential Valve Operation

7. Job Sheet #7- Check Proper Operat|on of Auxﬂlary Control Mecha-

msm {
E. Test .
\ .
F. Answers to test .
- N L] -
I References.

A. Chrysler Corporation. 1979 Chrysler-Plymouth-Dodge Chassis-Body Ser-
vice. Manual. Detroit, Michigan: Chrysler Corporation/Service Deparnt-
ment, 1978. '

K
.

B. Ford Motor Company 1978 Full Size Car Shop Manual. Detroit, Mich .
Helm, Inc., 1978.

C. Ford Motor Company. Vehicle Emission Control Systems. Volumes 1 and
11. Detroit, Michxgan. Service Publications/Helm Inc , 1978.

D. . General Motors Corporation 1979 Passenger Car Service Manual. Detrout,
Michigan: Service Section/General Motors Corporation, 1979.

E. General Motors Corporation. Enussion Control Systems Maintenance Man-

val Detroit, Michigan® Service Section/General Motors Corporation,.1978.

" F. General Motors Corporation. 1980 Phoenix Service Manu3l. Pontiac, Machn
gan: Pontiac Motor Division, 1979

G Glenn, Harold T. Glenn's Enussion Control Systems Chicago, 1i., Henry
Regnery Co.,"1972.

H.- Joe Oldham and Lou Forier, Motor's Em/ssron Control Manual New York,
N. Y.: Motor.

k—~_‘_)'
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AR INJECTION SYSTEM
UNIT X111

INFORMATION SHEET

[d
I Parts.and functions
(NOTE: Not all systems use every component described below.)

A. Air pump-Supplies filteged air to the air injection system (Transparency 1)

B. Check valve--Prevents exhaust gases .from entering the pump assembly
(Transparency 4)

C. Air injection manifold--Tube like device which distributes compressed
air to the exhaust system (Transparency 4) -

'D. Air injection tube (nozzle)--Directs air from air injection manifold into
exhaust port "

E. Diverter (air by-pass) valve--Controls the supply of injected air to system or
to atmosphere according to engine conditions (Transparency 1)

F.  Vacuum differential valve--Controls vacuum supply to the diverter valve
(Transparency 5)

G. Solenoid vacuum valve--Controls vacuum supply to vacuum differential
valve according to various temperature segsors (Transparency 5) .

H.  Floor pan switch-Senses temperature of floor of automobile (Transparency
5) ’ -

.
-

¥

l. Air cleaner temperature switch--Senses engine compartment temperature
(Transparency 5)

- J.  Ported vacuum switch (PVS)--Senses engine coolant temperature (Trans-
parency 5) )

* _ K.. Pressure relief valve--Relieves excessive system pressure caused by air pump
- at high engine speeds or system restrictions (Transparency 2)
L. Air supply valveDirects secondary (injected) air to the exhaust manifold or
» the catalytic converter (Transparency 7) , .
- .
. Purpose of the air injection system--The purpose of the air injection system is'to
supply air to the exhaust system in order to continue the combustion process and

reduce hydrocarbon emissions s
3

()(l 4
~ L
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INFORMATION SHEET

1. Operation of the air injection system

A. When the engine is started the air pump compresses and discharges air
to the diverter valve

B. Manifold vacuum opens the diverter valve where the air is metered and
sent to the air injection manifolds

C. A check valve in each air injection manifold allows compressed air to flow
into the exhaust port but prevents return of the air and gases to the diverter
valve, ’ '

D. Injected air is mixed with exhaust gases to continue the combustion process
of unburned hydrocarbons

V. \Functidns of the diverter (air by-pass) valve (Transparency 3)
A. Provides pressure relief to the system caused by:

v

) 1. Excess pump volume . o N ¢

. . . 2. Restrictions in the hoses and systems tubing

B. Dumps pump output to the atmosphere under the following conditions:
1. ‘Enginedeceleration
2. When engine coolant temperature is below normal operating level
3. When engine coolant temperature is above norn;él 6bera§ing level
4. When the'floor pan température is above normal operating level
V. Functions and effects of the valves which control the diverter valve

A. Vacuum d"sfferential valve (VDV)

’ : * 1. Function--Senses a.vacuum pressure change under deceteration which
causes the valve to dump all vacuum and prevent it from going to the
- - diverter valve

2. Effects

a. Diverter valve closes to prevent compressed air from entering
exhaust distribution system -

b. Air is diverted to atmosphere through the muffler in the diverter
valve until vacuum is restored by the VDV
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, INFORMATION SHEET
B. Solenoid vacuum valve
. . . L
1. Function--Closes off vacuum supply to the VDV when electricat signals
, are received from the ported vacuum switch, the air cleaner tempera-
o ) ture switoh, or the floor pan switch )
2. Effects-Diverter valve responds to vacuum signais to dump com-
pressed air as needed -

' {(NOTE: Under periods of long |d|é, engines tend to overheat due
to ignition, carburetor, and other emission modifications. Engine
coolant temperature sensors prevent excessive overheating by providing
signals to engine controls. The catalytic converter also overheats during
prolonged idle due to higher exhaust gas temperature. To prevent
overheating, the diverter valve dumps the air when signals from the
floor pan switch are sent to the solenoid vacuum valve.)

-
.. VI. Components of computer controlled (eléctronic) system (Transparencies 7 and 8) ’
A. Exhaust gas oxygen sensor
o
B. . Electronic control module
’ C. Variable ratio carburetor
D. Three way catalytic converter . : -

. : E. Throttle switch
F.  Airsupply valve .
- L ]
(NOTE: Some models use some but not all of the components listed. Some
' models divert injected air into the catalytic converter when engine tempera-
* ture is normal and through exhaust manifold when temperature 1s below
normal.) ‘

VII. Components of the pulsé air 'mjéction system (Transparency 6)

O
. (NOTE: This syster is"used in some small 4 and 6 cylinder applications in place
of the air pump method.)

\
A. Pulse air valve assembly

B.  Check valves (located in valve assembly) ‘ .

" C. Connecting tubes
tA




268
. INFORMATION SHEET .
‘I
o . %
VI, Operation of the pulse air injection system
_ A. The check valves are connected to separate exhaust ports by pipes
) .
B. Air s drawn in through the check valves as exhaust manifold pressure
changes at each port ’ ) :
" (NOTE: When the engine fires, a pulsating effect is created in the exhaust
ports.. This pulsating effect alternates negative pressure with exhaust
. pressure.) o
<
, C. The negative pressure or vacuum created at the exhaust port allowstfresh air
’ to mix with exhaust gases in the exhaust manifold
D. Exhaust gases continue the combustion process to reduce hydrocarbon ;
? emissions '
E. Wheh positive pressure is present, the check valve closes and burr%ed gases are 1
, exhausted through the system as normal
i F. The process is repeated for each cylinder to serve the same purpoSe as
T injected air methods '
.
, .
-
' !
' - - " "
2 T
. ~J T
- ) " a
1
' -
% .
t
O B
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T . . . .
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® Air lnjectimi 'System‘
4 o ) Y

¢

Check Valves

Air Manifold

Air Injection Nozzles

Air Pump

Diverter Valve

.
N »
. .
t .
»
i o . P '

e, ' ™1
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o Types of Diveﬁer Valves

/

Spring P ‘

Vac Vent Qutlets Pressure
Pl R Relief Valve
) :
Main Poppet Sense . _ ) \
Vacuum
Inlet
/ m— g i
. ] V1
Air Outlet \ / 3 (
Arr Inlet N,
N
Relief Valve / Diverted Air
| Signal - Outlet (Muffler)
Line .
Connection Diaphragm Assembly

Timed Type With Vacﬁgm Vent External Muffler Type

‘ |

Exhaust Manifold - ‘ ‘ -
‘Metering Valve Sense Vacuum
Main Poppet
Relief
Inlet . Valve
' ' Air QOutlet
Pump
Air Inlet
! . !
\‘\ 1 l
Internal !
Silence } ni tooe
’ reneer Al Infet L Relief Valve
Vent -~
”
~ Vacuum —
- Signal Tube 3 Relief Spring
Timing Valve . Main Spring
Diaphragm

o | Internal Muffler Type

N QLY ' ‘ ™2




Diverter Valve Operation

: Normal Operation

Valve Up

h
0

:—-’1 7

-~

Vacuum Differential Valve Briefty
. Cuts Off Vacuum |

.........

Spring Pulls Valve Down

-

Pif/ I/Vglve Is Opened

¢

— Manifold Vacuum Lifts

Pump Driven Air Is Directed -
To Manifold

Diverter Valve Cloged

‘Pressure Relief

’ - .Excess Pump Volume
'Restriction Downstream

Pump Pressure Opens Valve

Some Air Partially BRhausted

.......

e S—

Deceleration or Vacuum Interruption-

-
L]

Some Air Passes
To Manifold

AEC 273
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®  Air Manifold and Check Valve Assembly

From Air Pump — | :

Check Valve
Check Valve
Spring - " o~
To Air Manifold - I
Check Valye Assembly ’ o
‘ Check Valve .
- : :
o "~ Air Manifold". o
\ ) . . )
an b _ ) 2:}1 ’ " ' ‘ S TM4
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A N N : °
' 0 " ‘ 4
Y

. 1

8- .
. M )
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. N 5 VALVE <.
. . ISOPEN .
4 ‘ ’
b ! »
. 6 VACUUM .
’ \ APPLIED
. TO BY-PASS 4 SOLENOID ’
VALVE IS DE-ENERGIZED [ " -
S L 1
) FROM - (— A ’ IBE
‘ ' PUMP - - . -
5 TO MANIFOLD MANIFOLD. « : :
.. X L . VACUUM '
R . - 2 TEMPERATURE ,
. SWITCH IN AIR
i - , CLEANER IS
7 THERMACTOR AIR - . OPEN ABOVE /
FLOW TO EXHAUST . : 65°F :
MANIFOLD 3 ELECTRIC COOLING.PVS
¥ IS BELOWOPERATING - |
. ’ . TEMPESATURE AND . - .
, ¢ CONTACTS ARE OPEN .
- - . NORMAL ENGINE gupemrune : ! gtvoolm”;""
: . (AND NORMAL AMBIENT AIR GROUND
L TEMPERATURE) y s —
I . - - )
" - ) s i
" , V. ) . :
) - . "
“— . 1}
IS XN . R r11>1
< ko \s = . . . (@)
. . . N
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. tn ~
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°  Pulsed Air System

Pulse Air Valve

.Manifold Pipes _-

Section Through Valve

N

- Check Valve

, : S | ot | T™M6




" Electronic Engine Contfol-(EEC)
N ~ Ford - System

~ -

. » ) . — Vacuum Lines
‘ S, VL Cold Temperature _ ] -
‘ ) Vacuum Switch - .= — Secondary Air
= -—— —Electrical Wire
) Check Valve .
' l Secondary ‘D‘ : 5
’ i Air<Cont. Valve hé N S _'r; . -
l ; AnC Thermactor .‘_ __1[___1 |
- : A Clearer Arr Bypass 1 ' Exhaust Gas Oxygen |
PVS TVS Val i ! Y9 . -
[ Ps—re o1 Sk (EGO) Sensor. Lo
- , Valve ! v
OO0 X
n - | '
) o)
! . 2118
L . Air Pump R .
. - - . Dual Catdlytic
I A/F Ration Signal ’ Converter
(Rich--Lean)
v
Manifold J; . "
. [ Vacuum Throttte | l Motde! 6500 = l. X
Angie Feedback Carburetor JoV— — Electrical Input
) Vacuum .
Air Cleaner Switch PVS - Pulse Srqal

Bimetal

EGR Valve

- Vacuum .
- | Requlator |
: Solenaid | }
! , ’ To "Tach® Tesy

Terminal At Ignition Coil
ECU Output Signal
- -_— —_— - — r

[del,Decel & Wot Signal |

* Cooiant Temp Signal

‘ ) ) C

182 D3V
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"Co‘mput‘er Controlled C;ltalytic Converter .-
o - vGM (C-4) System =~ -

L—P—Carburetor —— Engine ——»{ Exhaust — Oxygen | juf 3Way |-
~ Flow ! Sensor Catalyst

Lean Limit Signal (2.8 Litre V-6)

Lo
*Throttle Mode (2.8 Litre V-6)

|

l

| Vacuum. Coolant Temperature
| Switch
|

|

I

!

o

. |__Vacuum Modé (2.5 Litre L4)

s

2

?

I

|

: l
Engine Speed - 1 H
|

l

I

. 14

. .

Lo T -
. | Carburetor Solenoid Signal

—— — — —— — T e — — ]

| _
: - = Electronic ]
Pulsair Solenoid Signal . Contrrol Module | ]

ST T T T T T T T T
. + ... i . ‘

x L Y ) N B . Q
Pulsair 12 Volt Power. -

. System Malfunction
* | Solenoid Lamp
‘ - | (278 Litre V-6)
’ ]
k] ) .
R Y
L3 ’
- <
T Lean Mixture . . s
05 in Exhaust Gas ‘ ' ‘
. Carbulretor Control - Low Sensor
. "Leans" Mixture Voltage
Electronic Control Electronic Control
\ Unit Energizes v Unit De-Energies -
.Carburetor Solenoid Carburetor Solenoid
High Sensor + Carburetor Control
* Voltage - . Enrichens Mixture
‘ I Less Q4 in
- Exhaust Gas \ .

™8
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- : AIR INJECTION SYSTEM"
: . UNIT XJ11

JOB SFTEET #1-INSPECT AIR MANIFOLD AND HOSES

| Tools required--Hand tools as needed ’ :
. Procedure

A. Inspect air manifold for holes and fractures

-

- B.  Inspect air hoses for cracks, deterioration, holes and routing {no kinks or
sharp bends) . * .

- C. Inspect and check all hose and manifold connections for tightness o s
- (NOTE: Soapy watec can be used to check éon'ne(:tions )

> . ~
14 . . .

(CAUTION: DO NOT GET ANY WATER NEAR A FWO VANE’ PUMP

C‘ENTRIFUGAL FILTER THIS CAN DESTROY THE PUMP ) -
. l \.. . - -
. (NOTE: These are BASIC PROCEDU RES. Check the manufaoturer s serwice
RSN * “wshop manyal or teehpjcal manual for exact prosedures for eqch meke and
- modeT) - ) .
i 0
RS e » -
. o Cew . . . -
0' R
4
»
[ J 'f, f) € N ¢
L
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. AIR INJECTION SYSTEM
UNIT X111

JOB SHEET #2--INSPECT DRIVE BELT'AND SET CORRECT TENSION

- <

~ Tools required

A.  Hand tools as needed _

B. Pry bar - . : -

. - 2 ° ‘
C. Belt tension gauge . )
- ; - € L -
Procedure , -t , - B .

.
2

~A. Turn beif, fbver ,and visually inspect for wear, cracks and Weterioration.

» . o s

« _(NOTE: Replace if necessary.) ’ -

B. Check appropriate service manual for correct belt tension setting
-
\, . =

Using belt tenéionegauge, check belt tension

C
D. If tension of belt must be reset, loosen appropriate bolt(s)
o Y «

E. Move pump outward to establish proper belt tension

(CAUTION: Do not use pry” bar against the pump body as this.can cause
internal damage tQ, the pump assembly

(NOTE: Check manufacturers recommendatiohs for location to plate pry -
« bar or use SpeC|a| too! designed by the manufacturers for this purpose.) .

F.  Tighten bolt(s) which were loosened instep D
{NOTE: These are BASIC PROCEDURES Check the manufacturer's service

shop mandal or technical manual for exact procedures for each make and
model.). .

A Y
/)

2 X
. ‘J
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AIR INJECTION SYSTEM .
UNIT X111 :

7 .

JOB SHEET #3--CHECK ALR PUMP OUTPUT

Py . , p— e . . =
> X ) . .
l. Tools required--Hand tools as needed ' , N 5
. (-
H. Procedure . : .t : e
) ? . - © . : . -
Loosen clamp and remove one outlet hose from diverter valve - ~ !

»
~ a—._.

13

- S

- » - -~ ‘

A

PR .B Start the engine
C. Check:the air flow from the outlet on the diverter valve i
0

Accélerate engine to approximately 1500 rpm o -

£y
(NOTE: Air flow should increase as engine speed inc,rease;.) X
. E. If air fl.ow does nqt tn‘créase, check. for air flaw out, of the diverter valve -.
muffler S ‘
’ - F. Shutoff englner
G. Re(‘:onnect hose ' ’ ; A

H. Tighten clamp’

I Start engine and check for air leaks on reconnected hose

.

(NOTE: These are BASIC PROCEDURES. Check the manufacturer's service .
manual or technical manual for exact procedures for each make and model.)

s
Y

. *r
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AIR INJECTION SYSTEM
UNIT Xt !

JOB SHEET #4--CHECK DIVERTER VALVE OPERATION

[ Tools--Shop tools as required . - 4 -

'l ’ . . '
. - . N . - . .
‘ (. Procedure .
N ) , . ‘. .
. - A.  Warm engine to operating temperatuyre *

B.° Disconnect vacuum hose from diverter valve
C. Check for vhac.uu_m by 5|acing finger over the end of the hose
i
D. Reconnect : uum hose to diverter valve .o
T & Check diver,ter valve muffle-r to determine if qir is escaping
(NOTE:"Thére should be no air escaping under normal conditions. A testric-
tion i.n the tubing or air lines will cause the relief valve to open and discharge
air through the muffler.)
F. If air is escaping, c%eck all lines for kinks and/or‘bihds
G. Make the nécessary repairs to remove the obstruction . o g
H.f Place hand by diverter valve

. Quickly open and close the throttle

J. Determine If air 1s released through the muffler for a brief period when the
throttle is closed

K. A blast of arr indicates the valve is functioning properly ) !

(NOTE: These are BASIC PROCEDURES. For exact procedures, check
manufacturer’s manual.)

—
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AIR INJECTION SYSTEM

‘ 3 S UNIT X111

’ +  7JoB SdEE:I; #5--INSPECT CHECK VALVE OPERATION : w’w
o N i ' .
. Tools . o | ‘
) Shop tools as, required
e " JI.  Procedure .
A. Disconnect air hose from diverter at the check valve connection(s).
I B: Remove check valve from air injection manifold(s).
(NOTE. Be careful not to'ber‘1d the air manifold when removing the valve.)
C. Blow through the valve in the direction of normal air flow

D. Reverse the valve and try to blow against the valve assembly

E. If air flow is not restricted in step C but is restricted in Step D, valve opera-
tion is normal

' ~ F. If air flow can be made through the reverse position, replace the defectiye
‘ valve ™. )

G. Reinstall the v4/:n the air manifold(s)
H. Reconnect the air line(s)

I” Check for air leaks according to normal procedures .

(NOTE. These are BASIC PROCEDURES. For exact procedures, check
manufacturer's manual.)
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< o AIR INJECTION SYSTEM
’ ' JUNIT Xl ‘ f
- : JOB SHEET #6--CHECK VACUUM DIFFERENTIAL VALVE OPERATION
1 Tools *
’ .

| Shop tools as needed . L. i

" Procedures v X
A.  Warm engine to norm'al operating temperature )

@ 3

B. Disconnect air hose from diverter valve to ajr manifold

C. Check for vacuum to the VDV by r‘emovmg vacuum hose from vacuum input °
; side of the valve - - -

D. Reconnect vacuum hose to valve

E. With transmission in neutral or gark, mcrease engine speed and quuck
ly close throttle

. F Determine if arr output from d|ve\ri\z‘r valve changes from hose outlet to
‘ mtiﬁer or by-pass outlet for a brief period ‘ : -

.

G.  H no change is noticed,-replace VDV

H. Repeét steps k£ and F if §/DV is replaced

{ - -
. I. Stop engine and reconnect air hose to diverter valve

J. Stairt'engine and check for air leaks according to suggested »procedures

. (NOTE: These are BASIC PROCEDURES. For 'exact procedures check
" _ manufacturer s manual.)
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| ) —
| , ' AIR INJECTION SYSTEM ' ;o
‘ : . - ' UNgT X1 . -
N JOB SHEET #7-CHECK PROPER OPERATION '
7 - OF AUXILIARY CONTROL MECHANISMS ) e ‘
4 ) - " ‘ N \
I. .© Tools g
. : .A. "Shop tools as needed )- . -
. . » y . . v
e . - T B. Electrical leads
s v ~ . Procedure

(NOTE: The main control valve is generaily an electric solenoid which clases off
«~vacuum to the ‘diverter valve on response to electrical signals. These signals come
<" from temperature or speed sensors located in various parts of the chassis and
engine.) “
. A. Start the engine and warm to operation temperature
o
B. Disconnect vacuum hoses from solenoid vacuum valve

) C. Energize the valve by directly connecting it to an electrical source in the
‘ engine compartment

) D. ' Hold finger over vacuum outlet from solenoid valve and reconnect vacuum
hose frouwtake manifold to the valve

. ’ E. If no vacuum is felt, replace the valve assembly and repeat steps C & D
F.  Replace vacuum hoses
G. Remove external electrica) source

H. Check operaticlm of each of the other auxiliary controls
1Y

(NOTE: The following procedure is used for each switch or sensor which
sends electrical signals to the solenoid vacuum valve. The steps are repeated

N for each electrical connection from the sensors.)
. I 1. Disconnect vacuum hose from solenoid to VDV iat the VDV . T
. . R
' 2. Place finger over the end of the vacuum hosg 5
' . 3. Disconnect the electrical wiring from the ;ensor to solenoid wiring at

sensor attachment

- [}

{NOTE: This can be done at-the sensor [switch] or at electrical modu-
‘ lator or amplifier if so equipped.)

()1 ’

. ERIC - -

A FuiToxt provided by . R

x

?




JOB SHEET #7

4. If novacuum is felt, switch is functiéning properly

L]

5 If vaéuum is felt, replace switch

6. Reconnect the wiring

(NOTE: The switches can also be checked by using a self-power test
hight if desired. This procedure will confirm suspected broken or loose
wiring conditions.) )




-~ . AIRINJECTION SYSTEM
‘ ‘ - UNIT X1l
. e *NT ., - . NAME
E + TEST
s , 1‘. Mat;:h the p'arts on the right to the: correct functions.

7 8. Supplies filtered air to the air injection system

-

b. Prevents exhaust gases from entering "the
pump assembly *

. Tube like device which distributes compressed
air to tHe exhaust system

d. Directs air. from the air injection manifold
into the exhaust port .

e. Controls the supply of injected air to system
or to atmosphere according t6 engine condi-
tions .

f. Contrals vacuum supply to the diverter

8 I . valve

9. Controls vacuum supply to vaguum differ-

‘ ~ ential valve according to various temperature
. Sensors
h. Senses temperature of floor of automobile
’ ' i. Senses 'engine sfompartment temperature
i Senst;.s éngine coolant temperature '9
r T - k. Relieves excessive syster'n pressure’ caused by

-8 pump at high engine speeds "or system
restrictions : .

. ? . o -~
$ I. Directs'secondary {injected) air to the exhaust
manifold or the catalytic converter

. "~ © 2, Statethe purpose of the air injection system. :

-

N

w

Ported vacuum
switch {RVS)

Air injection
tube {nozzle)

Solenoid vacuum

- valve_

b

o

8.

Aif pump

Floor plan
swWitch

Pressure rel iet
LY
valve

Chetk valve

. Diverter (air

.. by-pass) valve

9,

10.

1.

12.

Air supply valve
P

Air cleaner
temperature
switch

‘Vacuum differ-
ential valve

Air injection
manifold

\



-

. . . . [

3 Explaip the opleration of the air injection system.

\ B

-

4 List the functions of the diverter (air by-pass) valve. '
a.
[ 1) . * ~
2)
»
d ’ 3
b.
“1)
2) '
. 3)
4) . B

]

5 Distinguish between the functions and effects of the vacuum differential valve and the
solenoid vacuum valve by. placing an." X" next to ‘the functions and effects of the
solenoid vacuum valve. )

; 'y

I
a. 1) ‘:unction--Closes omacuum supply. to the VDV when electrical signals
are received from the ported vacuum switch, the air cleaner tempera-
[ ture switch, or the floor pan switch :

* 2) Effects -Diverter valve respond$ to vacuum signals to dump com-

> [pressed a:r as needed
b 1) FunctuoniSenses a vacuum pressure change under deceleration which
causes the valve td._dqmp all vacuum and prevent it from going to the

diverter valve ”

2) Effects 7 .

« a. Dwerter valve closes to prevent compressed air from entering
. exhaust distribution system

i . ~ N -

b. 'Air s diverted to atmosphere through the muffler in the duverter
. valve until gacuum is restored by the VDV

ik
L

~y -
P .

[
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-

P

<

. . 6. List six major components of the computer controlled (electronic) system. .

a. .

'b “l 4 )

e.
f.
7. List three componer.ns of the pulse air innjection syst.em.
a. .
‘ b. ' ’
Coe
8. Explain the operation of the pulse air injection 'system. C .

~

O

ERIC : . :

e .
I » Py .




9 Demonstrate the abthity to.
a. In;pect air manifoid and hoses.
b Inspect drive belt and set correct tension i ’ . s
g ¢ Check air pump output
. d  Check diverter valve operation
. e Inspect check vaNe openati&gn.

f  Check vacuum differential valve operation

g Check proper operation of auxiliary control mechanisms

(NOTE: f these a‘(:tnvft;es have not been accomphlished prior to the test, ask your
insgructor when they should be completed.)
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o AIR INJECTION SYSTEM
. o : _ UNIT X

'

" ANSWERS TO TEST

1. a 4 d. 2 © g 3 o * .
b, 7 e. 8 h. 5 k. 6 *
c. 12 N—f L0 . 9

2. The purpose of the air injection system is to supply air to the exhaust system in order
to continue the combustion process and reduce hydrocarbon emissions

3. Explanation should include:

.

a. When the engine is started the air pump-compsesses and discharges air to the

diverter valve . . - .

b.  Manifold vacuum opens the diverter valve where the air is metered and sent -
to the air injection manifolds

. C. A check valve in each air injection manifold allows compressed air to flow into
' the exhaust port but prevents return of the air and gases to the diverter valve

u

d Injected air is mixed with exhaust gases to continue the eombustion process
of unburned hydrocarbons

4. a.  Prowides pressure relief to the system caused by:
1) Excess pump volume .
2) Restrictions in the hoses and systems tubing
b. Dumps pump output to the at‘mos,phere under the following conditions:
1) Eng:ne deceleration -

» » .
2) When engine coolant temperature 1$ below norrhal operating level

3) When engine coolant temperature is abgve normal operating level - »

4) When the floor pan temperature is above normal operating level




Exhaust gas oxygen sensor
Electronic control module
Variable ratio carburetor
:I'hree-way catalytic converter

Throttle switch

Air supply valve

Pulse air valve assembly
b. Check valves {located in valve assembly)

¢. Connecting tubes

Explanation should include: -
The check valves are connected to separate exhaust ports by pipes

Air 1s drawn in through the check valves as exhaust manifold pressure changes at
each port

"~ The negative pressure or vacuum created at the exhausT port allows fresh air to
mix with exhaust gases in the exhaust manifold

Exhaust gases continue the combustion process to reduce hydrocarbon emis-
sIons ’ i

When positive pressure is present, the check valve closes and burned gases -are
exhausted through the system as normal

The process is repeated for each cylinder to serve the same purpose as injected air
methods

9. Performance skills evaluated to the satisfaction of the instructor
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CATALYTIC CONVERTER SYSTEMS
UNIT XiIV

UNIT‘OBJECTIVE

-

After completion of this unit, the student should be able to explain the purpose of catalytic
converter systems.” The student should also be able to explain the functions of the catalytic
system components and perform maintenance activities. This knowledge will be evidenced
through demonstration and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES >
-
After completion of this unit, the student should be able to: .
- 1. Define the emissions triad.

2. Match the components of the catalytic converter system to their functions.
3. State the purpose of the catalytic converter system.

4. Match the type of catalytic converter systems to their proper descriptions.
5. Describe the four components of a three w(y catalytic converter {TWC).
6. Explain the function of a two way con;/erter {COC).

7. Explain the function of a three way catalytic converter {TWC).

8. Explain the operation of the catalytic converter protection system during the
operating conditions of deceleration, cold air, and warm-up

State the two purposes of nonleaded gasoline.
10 Demonstrate the ability to:
a Replace the catalyst ir} a converter.

b  Check for proper operation of the catalytic converter protection system.

,
.
e
<
/@_.
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- CATALYTIC CONVERTER$¥STEMS
UNIT XIV ] ‘ -~

sUGGESTED acT N TiEs

Instructor:

A. . Provide students with objective sheet.

B. Provide students with information sheets. -

C. Make transparencies. '

D. Discuss ugit and spécific objectives. )

E. Discuss infofmation sheets. . N '

F. Demonstrate ﬁd/discuss the procedures outlined in the job ;sheets.
(NOTE: It is suggested that the instructor make u;; job sheets accord-
ing to the specific make and model of vehicle available to the shop.)

G. Give test.

Student: .

A. ‘Read objectiye sheat. | - ?

B. Study inflarmatiop sheet.

C. Complete job sheets. /

D.

Ta l\test. .

INSTRUCTIONAL MATERIALS

¢

,7\
Included in this unit: ‘

A.

C.

Objective sheet*

" Information sheet . :

Transparency masters
1. TM 1-Exhaust System With Catalytic Converter and Heat Shields

2. TM 2--Two Way (COC) Catalytic Converter Components
k 4

-
L

‘sz
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3. TM 3--Three Way Catalytic Converter

4. TM 4--Catalyst Protection System (Advanced Type)-
.- ) 5. TM 5-Three Way Converter System
6. T™M 6->Unleaded Fuel Filler InIe:t -
D. Job sheets - -

1. Job Sheet #1--Replace the Catalyst in a Converter

2. Job Sheet #2--Check for Proper Operatlon of the Catalytlc Con-
verter Protection System

3 E. Test

F. Answers to test -
. References

A. Chrysler Corporation. 1979 Chrysler-Plymouth-Dodge Chassis-Body Ser-
vice Manual. Detroit, Michigan: Service Department, 1978.

B. Ford Motor Company. 1979 Full Size Car Shop Manua/ Detront Mich.:
Helm, Inc., 1978.
\ .
C. Ford Motor Company. Vehicle Emission Control Systems. Detroit, Mlch|gan:
Service Publications/Helm, Inc., 1978.

L

D. ‘General Motors Corporation. Emission Control Systems Maintenance Man-
ual. Detroit, Michigan: Service Section/ General Motors Corporation, 1978.

E. General Motos Corporation. 1979 Passenger Car Service Manual. Detroit,
Michigan: Service Section/General Motors Corporation, 1979.

F. Glenn, Harold T. "The 1975 Cars--New Cpncepts for the Auto Shop-School
Shop," Industrial-Technical Education, Oct. 1974, A

G. Henein, N.A, and Patterson DIJ Emissions From Combust/on Engines
~ang Their Contral, Ann Arbor Mich.: Ann Arbor Science Publications,
Ing.

\

\ v
~\J‘ . »

Y




CATALYTIC CONVERTER SYSTEMS
UNIT X1V

. INFORMATION SHEET

- i

I Emissions triad--The emissions triad are emissions containing oxides of nitrogen,
unburned hydrocarbons, and carbon monoxide gases

. Components and functions of the catalytic converter system

A. Catalyst--Substance used in converters which alters exhaust gas chem-
istry

N B. -Rhodium--Catalytic substance which controls oxides of nitrogen (NO,)
emissions

L4

2

C. Palladium--Catalytic substance which controls hydrocarbon and carbon ‘
monoxide emissions

D. Platinum--Catalytic substance which controls hydrocarbon and ‘carbon
monoxide emissions.
L3 -
E.  Monolithic material--Catalyst coated ceramic material which is honey-

combed to provide a larger surface area for exhaust gases to pass through
{Transparency 2) - -

F.® Stainless steel mesh--Metal covering the catalyst element used to provide
protection and speed up heat transfer within the converter (Transparency 2)

G. Heat shield--Provides protection to car chassis and env; onMeat
generated by the converter system (Transparency 1)

H. Secondary air-Air injected into. exhaust sy’stem to c{oﬁtmue the burning
of hydrocarbbns -

I. Electronic sensors--Switch-like devices located throughout the engine and
chassis which monitor operating conditions of the automobile

' J.  Electronic control unit {module)--Major component of an electronically
$ controlled system which receives signals from sensors and sends impulses to
. e, appropriate engine controls {Transparency 4) '

(NOTE: The electronic control unit or the module (ECU or ECM) is the

. "brain" of the system. The printed circuits and ‘miaroprocessor components
are programmed to perform logic functions. This unit selects proper car-
buretor and Secondary air settings according to-input signals from the
sensors. Each unit is programmed for the vehicle model and engine applica-
tion for precise operating conditions.)

’.1

nNe: -




INFORMATION SHEET

.

K. Air supply valve--Controls injected air flow from the air pump to the con-
verter or to the exhaust manifold (Transparency 5)

’

Purpose of the catalytic converter system--The purpose of the catalytic converter
system is to reduce the oxides of nitrogen, hydrocarbon, and carbon monoxide
emissions.from exhaust gases

Types and description of catalytic systems
A. Two-way converter (COC--Conventional Oxidation Catalyst)

1. Contains palladium and/or platinum catalyst

-
2. Controls only hydrocarbons and carbon monoxide emission

.

LY
3. Used with or without secondary air injectiga-eystem
B.  Three-way converter (TWC)
1. Contains rhodium, platinum and/gr palladium catalyst

-

2. Controls oxides of nitrogen, hydrocarbons, and carbon monoxide
emissions - '

3. Requires secondary air injection
C. Combination system
1. Uses 3@ manifold or mini-converter(s) and a main converter -
2. May use \;vith a COC and a TWC or two COC converters
3. Initiates oxidation process prior to.main converter operation

Components of a three way catalytic converter (TWC) (Transparéfcy 3)

(NOTE: The TWC consists of two converters in one shell with a mixing cham-
ber separating the two catalyst elements.)

A. Stainless steel shell

B. Front element of rhodium and platinum or palladium coated ménolith

.

C. Mixing chamber with secondary air inlet

D. Rear element of platinum and/or palladium coated monolith

1 I
Moy
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INFORMATION SHEET

VI Function'of a two way converter (COC}{Tramsparency 2)

A.  Exhaust gases enter the converter and flow through the honeycomb element
(NOTE: Seme systems use beads instead of a honeycomb elerﬁ/ént.)

B. Catalyst coating on the element begins to oxidize the hydrocarbor gnd-
. carbon monoxide emissions

L

C. The oxidation process produces high temperatures in the converter
D. Higher temperatures produce a better oxidation process

E. Secondary ak injected into the exhaust manifold improves the oxidation
process ,

{NOTE: During idle conditions, injected air is dumped to the atmosphere to
reduce the oxidation process and, therefore, lower temperatures in the
converter.)

F. Exhayst gases are cleaned of hydrocarbon and carbon monoxide emissions
. '
in the converter

G. Oxidized gases are exhausted as harmless carbon dioxide gas .

-

A. Exhaust gases flow through the front ¢onverter element (Transparency
5) - )

VIL. Function of three way catalytic converter (TWC)

(NOTE: In three way converter systems, exhaust gases contain no injected
air at operating conditions.) )

B. The catalyst coating on the monolithic element oxidizes the emissions
triad

C. The oxidation process produces high temperatures in the converter
D. Higher temperatures improve the oxidation process
E. Partially oxidized gases. flow through to the rear element

F. Secondary air is injected into the middle chamber and mixes with the
exhaust gases ‘

e .
G. The oxidation process continues in the rear element

H.  Hydrocarbons and carbon monoxide gases are further reduced

I, Oxidized gases are exhausted as harmless’ carban dioxide and nitrogen
gases .




INFORMATION SHEET

L 4
“VIIIL Operation of the catalytic convertes protection system (Transparency 4)

{NOTE: The converter system creates extremely high temperatures during the
oxidation process. When extrengg amounts of unburned hydrocarbons exist in
the exhaust gases, such as in deceleration, the converter could overheat and be
damaged. Cold air could also damage the catalyst material )

A. During deceleration .
1. Manifold vacuum is high
2. Vacuum delay valve closes off vacuum to diverter valve
3. Injected air is vented to atmosphere

(NOTE: Injected air in the exhaust system with & high level of un-
burned hydgocarbons would cause a high rate of combustion and
overheat th&gonverter.) -

. B. During cold air operation

1. Air cleaner sensor is closed

.

2. Vacwum to diverter valve is cut off

t

3. Injected air is vented to atmosphere

{NOTE: The injgctor system would continue to operate when the
engine temperature reaches the operating level because of vacuum
signals unless an override system was used. Cold air injected into the
heated catalyst would damage it.}

C. During engine warm-up
X
1. PVS sensor closes

Vacuum to dwerter valve is cut off

dnjected air 1s vented to atmosphere

LW

{(NOTE: In TWC systems the injected air s diverted to the exhaust
' manifold rather than the converter.)

IX. Purposes of nonleaded gasoline (Tranéparency 6)
A. Prevents coating the catalyst with lead LC)ompound
B. heduces particulate emissions from exhaust
INOTE: To prevent leaded gasoline usage in automobiles a small filler

tube is used and appropriate informative decals are placed near the filler tube
opening. It hgs also been made a federal offense to violate this regulation.) - -
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Exhaust System With Catalytlc Converter
and Heat Shlelds |

Interior Insulating Pads .

Heat Shields
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® - Two Way (COC) | o
Catalytic Converter Components
f V . Stainless  Steel Shell ‘ . ) |

Flow Diffuser

¢ e N
e Y
"Vv y -

) v e
Wi

Honeycomb Monolith ,
Platinum and Palladium Catalyst !

-

. k | Analyze*ess Fitting and Plug - | )
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“Three Way Catalytic Converter

Mixing Chamber (Midbed)

Shell Assembly

‘Exhaust Gases
* From Engine

Conventional Oxidatipn

. t
Secondary Air Catalyst (COC)

Inlet Fitting

‘ Air From
Three-Way Catalyst (TWC) Thermactor Pump _




-

 Catalyst Protection System (Advance‘d_Type)“

-

t PVS —

Cold Temperature Vacuum Switch

Vaguum Lines

- - Seconda}y Air

Vacuu nt

Air Cleaner Bimetal

\ -

/Vacuum Regulator Solenoid

= Check Valve ,
Secondary Air Cont. Valve é -~ — Electrical Wire
Thermactor == 1 lr S —:
Air Cleaner Air Bypassl —=d ]
., TvS Valve | Check | TWC : coc
: Valve : \ }I: A
| o - - ) . : :
j .
Air Pump - \
Dual { atalytic
Co értery
N
Manifold &

ECU Output Signal __]

Coolant Temp. Signal -

‘

61€03v

-
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~Three Way Converter System

(- | 5 )
Bypass Valve &
Ypass a\e\ Air Control Vale ,
_ \ - Exhaust Check Valve
oy - TWCNCOC
Air PumpM) = Q o FQ'
= < = Y~ Exhaust Manifold \Ijual Catalytic
JiL : J | Converter

Air Cleaner ‘ ‘ / :
Mounted TVS - - Normal Operating
1 | Engine Coolant Temp.
AN B
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Unleaded Fue! Filler Inlet |

r —-
Unleaded Fuel Filler |
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CATALYTIC CONVERTER SYSTEMS | o
UNIT X1V ‘

JOB SHEET #1-REPLACE THE CATALYST IN A CONVERTER

(NOTE These are replacement procedures for Generaf Motors vehicles only )

/

I~ Tools and matenials
A, General .Nlotors Tool # J-2507:/' set
B. Shop hand tools ¢
C. Anti-seize compound
. D. Replacement catalyst
. Procedures

" A. Raise vehicle on hm:st

-

) . B. Attach aspirator to tailpipe .
C. Connect an alr.supply hose to aspirator

\ (NOTE: The air supply creates a vacuum in thegconverter whigh holds
the catalyst beads in place when the filler is removed.)
D. . Remove filler plug =
(NOTE: Some models will be fitted with a pressed plug which has to be
chiseled out and others have a strew type plug. When chiseling out a plug be
careful not to damage the converter housing.) -« ’ )
' »
E. Clamp on vibrator tool and container to converter
- . '
F.  Remove the air hose from aspirator and connect an air hose to the vibrator
e B -
(NOTE: Pellets will fall out af the converter into the container when the
vacuum 1s removed.) ’

1

G.  When all catalyst pellets are removed, dlss:onnect air hose from vibrator

H  Remove container from vibrator

! Discard old catalyst and refill container with new pellets
%
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o .

JOB SHEET #1
. A

Attach the fill tube to vibrator assembly )
Connect an air hose to the aspirator and to the vibrator
Attach the catalyst container to the vibrator

When catalyst ‘beads are in the converter, remove the air hose from the
vibrator .

Remove vibrator from converter and check to see If catalyst beads fill
the converter ' :

2 . ’
Apply anti-seize compound to filler plug and install it in the converter

Disconnect air hose from aspirator and remove all special tools from system
b 3
Remove vehicle from hoist

(NOTE: These are general procedures only. Specific procedures can be

obtained from General Motors shop manuals: .
s
—_t *
’ )
]
]
)y . N N
P -
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- , AEC 327
CATALYTIC CONVERTER SYSTEMS -
UNIT XIV
JOB SHEET #7°CHECK FOR PROPER OPERATION OF THE
'CATALYTIC CONVERTER PROTECTION SYSTEM
- Tools and materials . . .
N ~ L , r ’ -
A. Shop hand tools _ o,
B. Freoncanmister -~ - ’ .

C { Thermometer : !

. ]

Procedure

(NOTE" This procedure applies to vehicles with three way converters.)

S
1

A.  With automobile under cold start conditions (englne coolant tempera
ture below 52°C, [128°F] ), start the engine

B. Remove air supply hose from air supply valve to exhaust manifold
C. Check for air flow to manifold

(NOTE: Air flow can be felt or heard coming from hose If air is felt, system
IS operating properly )

D. °Y‘Replace hose . 5
E. Al\llow engine to wafm to operating temperature
F. Remove air hose from air supply valve to converter
G. Check for air flow to cenvérter'

(NOTE: Air should be felt or Eeerd if system is operating properly.)
H. Replace air ho;se

I.  Stop engine

J. Remove air cleaner cover and spray temperature sensor with freon

(NOTE" This procedure will simulate cold air conditions at inlet. A wet cloth
placed on the sensor will accomplish the same effect. A thermometer can be
used to determine if temperature at sensor 1s below 9°C [49°F] .)




JOB SHEET #2

‘

- K. Start the engine ) .

L. Check for air flow from diverter valve muffier
-
(NOTE. If the system s oper_ating properly, the air pump supply will be
dumped into the atmosphere rather than being sent to the air supply valve.)

M. Stop engine and replace air cleaner cover ,

(NOTE. If the system does not funcgon properly, check the operation
of the PVYS valve and related compohents. These steps are basic proce-
dures. Exact procedures and settings can be obtained from manufacturer's
shop manuals.)




CATALYTIC CONVERTER SYSTEMS
UNIT X1V

AEC329 .

- ' NAME

~
-

)  TEST

-—

Define the emissions triad. . *

)

“«

Y

2 Match tahe components of the ‘tatalytic, converter system on the right to their funct-

ions. .
ay Substance used n converters which. alters 1.
exhaust gas chemistry .

-

nitrogen (NO,) emissions’

B - B .

c. Catalytic substance which controls hydro-*
carbon and carbon monoxide emissions

v , 4.
d. Catalytic substance which controls hydro-
carbon and carbon monoxide emissions 5.
e. Catalyst coated ceramic material which 6
. is honeycombed to provide a larger sur-
' j face area for exhaust gases to pass through 7.
f. Metal covering the catalyst element used
to provide protection and speed up heat 8.
transfer within the converter
g. Provides protection to car chassis and environ- 9.
ment from heat generated by the converter
system 10.
‘ h. Air injected into exhaust system to continue
N the burning of hydrocarbons
‘ 11.

i. Switch-like devices located throughout the
engine and chassis which monitor operating
conditions of the-automobile ’
Major component of an electronically con-
trolled system which receives signals from
sensors and sends impulses ta appropriate
" engine tontrols )

k. Controls-injected air flow from the air pump
. " to the converter or to the exhaust manifold

Y-y,
‘-1,3

b. Catalytic substance which controls oxides of 7

Stainless ™
steel mesh

Palladium

Electronic
Sensors-

Catalyst
Secondary air
Platinum

Monolithic A
material <o

Air supply '\ o
valve

Rhodium
Electronic
control unit

{module)

Heat shield




\‘v . M . . * L 3
. .g' ‘338 M - - * Y iA »
. ¢ \ ' * .
‘. -y . te 1 .
i ' " 3 State the purpgge of the catalytic converter system. i )
"_ N . ' . ’
. . b
. 4 JVIaxch the .types ef catalytic converter systems’ on the right to thew’ descriptions.
. o ) . ]
‘ } = gmoat ) Oontains .rhodnum, platihum and/or 1. Combnation
- . s ) pattadium catalyst ‘ system
. » . , v - -
“ > L
s 2)> Controls oxides of  hitrogen, ‘hydro- 2. Two-way con-
o . 4 carbons, and carbem monoxide emis- verter (COC-
I . sions . . . Conventional |
.. . \ Oxidation
. 3) Requires secondaryfair {njection Cdikalyst)
. «b. 4) Uses a manifold 'or mini-converter(s) 3. Three-way
- 7 . - andamanconvejter converter
S “ (TWC)
) 2} May use erther a COC and a  TWC or
. . ' two COC converters -
' . - .-“ . *
. * ... 3) Imtn‘atés oxidation precess prior to main '
- converter operation -
s "% - ga.C W Conwins palladium and/or platinum :
’ - catalyst ~ .o : -
. * . . : - .
. ’ * '»
. 2) Controls,only hydrocarbons and carbron .
4 - .
" . e . . monbxide emissions \ .
L R . I‘q‘ ) [ ] . . ]
. 3) Used with or wuthouI secoridary arr °
= T m;ecmoﬁ system B ' .
‘o " ¢ * .
' s ’ [y .,
. 5 Desgribe the four compongnts of a three way catalytic converter. |
. ¢ . A . « A & <
. . . 4 s ‘y . i . o -
e a- * . /A o L *
4 » ° :)' ’ ’ ’ ~
. L . b. o \ s
. . . L ’
. . ’ : L 4 C. :‘ . ) -
4 - d - * 4
» o M * - L T A . ) . * .
:\: ‘ : T K ’ \ ) 4
' . f—-.’ . . [ .
IS '} R . . . ‘)- . - .
2 * , " M.. \} .
. * '
. * 1 .
: ' N \ t a ’. v ’ .
» . . . .
. . i ’ - . 7 ) .
\ ~ . e . )
»~ b I‘ ' . ¢ h A
l. ‘
- lq o, : ,

A v ex: provided vy e | nau:
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) CATALYTIC CONVERTER SYSTEMS
' ' . - UNIT Xiv
N ] ) NAME Y
.o © TEST
1 Define the emissions triad * .
L ] - ¢
¢ " .
2 Match the components of the catalytnc converter system on the right to their funct
- 1ons. .
. L 4
. .” _a. Substance used in converters which alters 1. Stainless
‘ ' exhaust gas chemistry steel mesh
. ) b Catalytic substance which controls oxides of 2. Palladium
o Jnitrogen (NOy) emissions >
: . . : 3. Electronic -
¢ Catalytic substance which controls hydro- Sensors
, . . carbon and carbon monoxide emissions : \
- I ' ‘ 4. Catalyst .
d. Catalytic substance which controls’ hydro-
‘ carbon and carbon monoxide emissions 5 Secondary air
‘ e Catalyst coated ceramic matérral which 6. Piatinum ¢ ’)
P s “is honeycombed to provide a larger sur- v
. ) face a_rea«,r' exhaust gases to pass through - 7. Monolithic
. .o ] " ' material
d R §. Metal covering the catalyst element used )
. to provide protection and speed up heat 8. Air supply
- RS + transfer within the converter valve
. - ]
) - g Provides protectlon to car chassis apd environ- 9. Rhodium
. ~ ment from heat generated by the converter ‘
. system - 10. Electronic
: ) ’ - control unit ’
. h A mjected into exhaust system to contjnue {module) ~
‘ » the burning of hydrocarbons .
‘ ) 11. Heat sheld’
___~ 1 Switch-hike devices located throughout the
’ engine and chassis which monitor operatmg - .
v conditions of the -automebule .
. o .
' 1 Maor component of an electronically con- : .
trolled system which recewves signals fom ' -8
sensors and sends impulses to approp ' 2
. . enging‘controls . ’
* - T v » ‘ . \
b - k Comrols mjected a1 flow from the air pump ’ ' ”
‘ .. ) to. the converter or o ‘the exhaust manifold , ,
- . ¢ ) _ Y
a s ) s *», . ,' , . o oo , : ) B -’-
R 2 e ; v,

: . . 2 . . .
i { . . .’
o . . . I




3 State the purpose of the catalytic converter system. ‘

A

4 Match the types of catalytic converter systems on the right to their descriptions.

‘ *a. 1) Contains rho\Jm, platinum and/or 1. Combination
palladium catalyst ' system
. * ',
~=""N—2~Cgaftols oxides of nitrogen, hydro- . 2. Two-way con- SN
- carbons, and carbon monoskide emis- verter (COC-
. sions ° ) Conventional
. Oxidation
e ;e 3)  Requires secondary air injection Catalyst) ’ »
&
’ o b. 1) Uses a manifold or mini-converter(s) 3. Three-way .
. and a main converter converter .
’ (TWC)
o 2) May use eithef a COC'and a- TWC or t N
P 3 twd COC converters . L.
3) Initiates oxidation process prior to'main o N

converter operation -

c. 1) Contains palladium and/or platinum
catalyst - .

*2)  Controls only hydrocarbons‘and carbon . _—
monoxide emissions * * '

' . 3) Used with or without ‘secondary air
. )
injection system ’ e .
5. Describe the four cgqmponents of a three way catalytic converter. ) . . Lo e
>~ . a » ¢
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7 Explain the function of a three way catalytic converter (TWC). .

. -
L3
.
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. -~
.
. .
I '\
-« " [
' ’
&
~ . -
.
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8. Explain the operation of the catalytic converter protection system during the operating

» © conditions of deceleration, cold arr, and warm up. - ..
‘ 5 . .
- (“7
* » - \\"
o ' »
- - -
. - N
. - : o~
. ) . . )
\ ‘, v .
- " ’ ~
. 1\
9. State two purposes of nonleaded gasoline .
-~ a. -
b. . ’
1®. "Demonstrate the ability to: !
Ve
\ a.  Replace the catalyst in a converter. A
b. Check for proper operation of the catalytic converter protection system.
. T {(NOTE If these actiities have not been accomplished prior to the «est, ask your )
C . . instructor when they should be completed ) . ¥ CT .
o> ’
Vo . .
. 1
. . ')l B ] ’
. ~ Ao s 5
. ~ . L4 -
Q ’ - N ) AR s
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‘ CATALYTIQ CONVERTER SYSTEMS
UNIT XiIV

e ANSWERS TO TEST .

P e

1 The emissions triad are emissions containing oxides of nitrogen, unburned hydro-
- carbops, and carbon monoxide gases

2 a 4 ¥ e. 7 [ 3
b 9 .01 i 10 a ’
¢ 2 g 1 k. 8 -
d 6 * h. 5

3 The purpose of the catalytic converter system s to reduce the oxides of nitrogen,
hydrocarbon, and carbon monoxide emissions from exhaust gases

. ¢ ¥
4 a 3 SR )
' . .-"-I
b. 1 . ) <%

v ‘
c 2 . . . ‘
I

5. Description should include:
a. *Stainless steel shell

b Front element of rhodium.and platinum or palladium coated monolith
> 5 . .

»

c.  Mixing chamber with secondary air iniet
d  Rear element of platian'and/or palladium coated monolith
6. Explanation should inclutips™® ’ R °
a. Exhaust gases. enter the converter and flow through the honeycomb element
J4
~ " b Catalyst coating on the element begms to oxidize the hydrocarbon and carbon .
monoxide emissions "~ ) .
i ¢ The oxidation process produces high temperatures in thefonverter.
. ! '
d  Higher temperatures produce a better oxidation process .
e.  Secondary air injected into the exhaust manifold mproves the oxiddtion process
f Exhaust gases are 'cleaned.of hydrocarbon and carbon monolxsde, €missions in
the converter u
‘ I3
g. 'Oxidized gases are exhausted as harmless carbon dioxide gas .
« v * .
A .
‘ . / v q .y,
£l ~ . - )
/



7 Explanation should include:

L

-

a . Exhaust gases flow through the front converter element

1

™ b  The catalyst coating on the monohthic element oxidizes the emissions triad .
c The gxidation process produces high temperatures in the converter .
[ - ! . . N

4. Higher temperatures improve the oxidation process -

P -~

- e Partially oxidized gases flow through to the rear element -

v

—_— f. Secondary air i1s injected mto thé middle chamber and ‘mixes with the exhaust
o , gases ’ v, oL T
: £ s a ‘ -
g The oxidation process continues in the rear element Co - . ' - g
v . . . . Lt 1
h  Hydrecarbons and carbon monoxide gases are further redueed - . : A

’ . . ‘e

]
Oxidized gases are exhausted as harmless carbon dioxide and nitrogen gases

8. Explanation should include

a.  Duringdeceleration . . . ) . S

1) Manifold vacuum 1§ high ‘ ) o N . G

-~

2) Vacuum delay valve closes off vacuum tp diverter valve s .

. . : " o T
3} Injected air is vented to atmosphere - . B .

b . During cold awr operation e Lot o

vt

RS

1) Air cleaner sensor is closed” . o

-

4 2)» Vacuum to diverter valve 1s cut off T ' . -

3) Injected air js vented to atmosphere’ R H SN
. 4 - " . .
¢ Duringengine warmup , . . oz - LT

11 PVS sensor closes ) . LN

, .
\ . ' L

e 2) Vacuum to diverter valve 1s cut off » . ( S

3! Injected air is vented to atmosphere >

L

a, Prevents coating the ca_tal.ystquth lead eompo'un.d ) ¢

b4

. i B . <

} s
b Reduces particulate emissions from exhaust.

10 Performance skills evaluated to the satisfaction 'of the mstructo‘r'g

rRiC

Aruitoxt provided by Eric
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ELECTRONIC CONTROLS
UNIT XV .

- . - . ?

UNIT OBJECTIVE

k3

After completion of this unit, the student should be able to explain the operation of elec
tronic devices currently used n the automotive industry This knowledge will be evidenced
< by scoring 85 percent on the unit test
-~

\ ’ ‘ . ‘ ’ )
SPECIFIC OBJECT|VES . T ’

After completion of this unit, the student should be able.to. : '

+

' -

1 Match components of an electronically controlled engine system to their proper

- functions ,
. - 3

2 Ildentify the components of an electrontcally controlled engine sy}stem. Ty N
- /

3. Lust the pracesses performed by the two Units in the electronic control 'module.

[
t

4 Explain the basicoperation of an electron: ally controlled engine systefn /

]
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Instructor: | |

ELECTRONIC CONTROLS
- : UNIT XV

SUGGESTED ACTIVITIES:

o

A C Provide student with objective sheet.
B. Provide st.udent with information shedt.”
—C. Make transparencies.
- D DISCUSS unit and specuflc objectwes
.E. Discuss mfo‘rmatuon sheet ‘
F.' Give test. R )
Student: ‘
A. Redd objective sheet. q
B.- étudy information sheet.
G - "Take test. )

A INSTRUCTIONAL MATERIALS

Included in this unit:

A

B.

Objective'sheet
Information sheet
Transparengy ‘mas;;f‘ers» ' o
1, T™ 1--I§I.gétroﬁicﬁ§§ntro‘l System
2. ™ 2--Electronic Co_mponents
3 TM 3-Generat Motors C-4 System

4, TM 4--Ford Motor Company System

-

Test © REN

Answers to test . W

AT

AEC 337
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References: . -
A. Ford Motor Company. 1978 Full Size Car Shop Manual. Detroit, Mich
Helm, Inc, 1978. ' '

-

B General Motors Corporation. 71979 Passenger Car Service Manual. Detrott,

Michigan Service Sectjon/General Motors Cprporation, 1979,

C. Ford Motor Company Vehicle Emission Control Systems. Detro®, Michigan:
Service Publications/Helm, Inc., 1978.

D. 1979 Chrysler-Plymouth-Dodge Chassis-Body Service Manual. Detroit,

M:chig“an: Service DeQartment/ChrysIer Corporation, 1918.

E.  Buick Chassis Service Manual Flint, Mnchtgan Buick Motor Dlwsnon/GeneraI
Motors Corporation, 4979
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)

ELECTRONIC CONTROLS
T . UNIT XV ,

~

INFORMATION SHEET

Q

« . / ~

‘ 3
| Components and functions Transparencies 1, 2,3, and 4)

T N ‘. .4
7

. " -
A Ambient air temperature sgnsor--Monitors air temperature to provide infor-
mation needed to calculate fuel, ignition, and combustion settings
B Barometric pressure sensor Monitors relative pressure of the atmosphere to
provide a comparison figure for manifold pressure calculations

C Cootant temperature sensor -Monitors engine temperature to provide infor- o
mation needed to calculate cold starteand overheat settings ’

D Manifold pressure sensor--Monitors air pressures of the EGR and arr injection
systems to provide information necded for ignition, fuel, and combustion
adjustment )

E " Oxygen sensor Monitors oxygen levels in the exhaust gases to provide
informatiop needed for carburetor adjustment and |gn1t70n setting

. ! , - . - ~

~ . F Elettronic control modulé--The centtal control component which con-

tains a microcomputer used tq analyze alt input signals from the sensors and

calculates and sends precise sngnals‘to control solenotds on engine controls

[
°

G High energy ignition--A solid state electronic Ignition’system which provides
P .. an extremely'high voltage on the secondary side for more efficient spark

-
-~

H  Throttle position sensor—-Mo%ntors. the position of throttle plate to provide
.- fuel and ignihon sgtting inforMakigs .

‘a .

~

.} Crankshaft 'sen_sor--l\/&omtors -poWion ~of plsto'ns’a_ccoramg to crankshaft o
position , which provides- information ~for the 1qition timing calculations - *

LN
- - . -

J Breakerless distributor- An armature and stator - assembly “which replace

« .. = the breaker plafe‘ or paints asi a mqre efficien; method of handling the-# + -
’ --mgher voltage of the electronic’rgnition system — R
. -“ k AR . “ee . N . A - .
. - lf( EGR-valve sensor Monitors theair flow in, or 1he pasition of EGR valve to
- providersignals relative to the pressures and operation of the air injettton and
v . EGRsystems : o . .7 J

4

-

L. Transducer- A miomitoring sensor which sends out signals ‘of different

strengths depending on itsposition between open and closed . - T

' ) (NOTE. As with any sensor, the transdycer position 1s calculated_by the
o " comtral unit according to the strength of the impulse seft out by the trans-

. ducer)

' [ - )y, .. . , .

. el C : ; ’
. Y .
' v ~| ‘
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B. Coolant temperature sensor

/ | r—(
INFORMATION SHEET

.

Components of an efectronically controlled engine system {Transparencies 1, 2, 3
and 4) ‘ .

'

A’ Ambient air temperature sensor ) ’

v {

i

C. Electronic control unit

D. High energy ignition: '

E. Barometric pressure sensor - ) -
F. Oxygen sénsor,\o\r/jnamfo!d pressu r&ensor .

R A )
G. Crankshaft sensor S E

H. Throttle posutioD sensor

I, EGR valve sensor
" 7 1 “

(NOTE" The systems used by vartous manufacturers differ slightly but the compo

‘nents are basically the same. The contro! module of each system has a’calibration

component that s specifically designed to match engine application and acces-
sorigs Each engin& requires different air fuel mixtures according ta engine load
The computer selects the appropriate settings for the most éfflment gmission
control as determWhe‘calnbratnon assembly installed.)
Processes performed by the processor unit and calibration un|t of the elcctrdme
control module ’ .

(NOTE The control unijt is the hrain of thesystem."lt 1s a sohd state, micro-
computer devece which has two main parts a processor unit and a cahbration unit
that I1s Intefchangeable-to engine application ) .
A _Processes-performed by the processor unit o ( '

- 1 Analyzes sensor input signals continuosusly
: . !

. "2, _Converts the signals to comr‘iuter'usa.ble-codés -

.., .

3 Caleulages ignition tming *~ © . - .
o ‘:a - ,' '
4 +Calcujates carbutetor settings - . .
LA L] »

" - o 5. Proviges cons&ant vcﬁtage 10 sensors

. a . ]

{ 6 Sends electrical sngnals to |gnmon ca‘rbur‘etor and other engine control

solenords (EGR at injection, etc) C . .-
[N ' . ~*
. ' AN T
b R « ~\J\ . B O

o
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INFORMATION SHEET x

' —

B Processes performed by the calibration unit

1. Converts sensor input In relation to specifications of engnhe application

A i
N s

2. Provides calibrated signals to processor component

Operation of an electronically controlled engine system

3 . .
A.  The system sensors monitor engine conditions tontinuousty
»

B.  Signals are sent to the electronic contne unit

»

€ The calibration, component adjusts the signals to p“reprograhwmed spem-g’
fications "« ! : .

’ A y o B By
D The processor component analyzes “the signals and performs calculations

. . - .
E.  Electrical signals are sent to appropriate control solenoids to.

L
.

1. Adjust timing . .

’

2. Adjust carburetor settings

Y

3. Regulate air injectipn and EGR flows
, ¢

v .

(NOTE: The system is electrical but mgy involve some vacuum assist to
open and close valves or operate motor assemblies.) .

~

e N

F Emissions are reguiated precisely for most efficient operation of the auto-
mobile -

e
. "

- - . © .

G  If any malfunction occu rs, the system automatically atljusts spark advance to ‘o
- -approximdtely 10 degrees to permit vehicle operation

(NOTE: Some systems perform carburetor and ignit(lon adjustments while

others perform only ignition or carburetor adjustments.) )
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[Electronic Components

/'Printed‘ Circuit Board
Pz .

.o

Wiring
Connector

N

| Crankshaft Position EGR Valve Actuator High Energy
@ | Sensor and Position Sensor Ignition, Module
,‘ ' ' o 1 .
l; T o ' a0 " K , ™ 2
J



@ - General Motors C-4 System = =

~ Sensor-and Control:Locations ‘ ,
| Vacuum Switches . _—
’§ Mixture Control . /I - . '
Solenoid Connector Bgas! - / ~
# _Three Way. N
Catalyuc Converter
‘ AN ) . .
Emgine Coolant
. Temperature Sensor
o — : '
e Functlonal Schematic ~ '
| : Phase i
| Air Flow — Carburetor ——| Engine{ Exhaust Con - -
s ' : Converter N

' L . Oxygen
. Electronic | -+ sensor Signal’ |’ Sensor
. Control fA— DENSor oig , o .
Module | R
Electronic Fuel Control Cycle of Operation
Lean Mixture 0, Low Sensor Voltage To CarbUretor
S in Egaust Gas » Voltage Decreases ‘
Carburetor Control , o " Carburetor Control
“Leans” Mixture ~ ".: T Enriches Mixture
» | y e
‘ Voltage To Carburetor High.Sensor ¢ Less 05 in ¢
Increases - ‘ Voltage Exhaust Gas |
. . ™3
oy, - .

‘vv/
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N . : . InI%t Air -2 _ ' 4 )
o 3 e , emp
' | ' Calibration Sensor \
Electronic Control Assembly
Assembly (ECA) _._t Model
Located in . | Processor 2700V s
Pas seng'm) | Assembly Carburetor I
Compartment . 74 e By
Power Relay Thrott'fé'.';: )
Barometric Pressure- Sensor Q- Position,
Mamfold Absolute Sensor

Engine Coolant -
Temp Senser

* -

ressure Sensor _
EfGR Vent S'olenond Valve~

EGR PveSsur,e Solénmd Valve

—Thermactor Air By- Pass
Sé‘lenoud _ =

e
3

\F

‘ : EGR Valve
. Actuatdr and
. Position Sensor 3

- "

a

!
o4

Dura-Spark |l
Ignition "Module

Cranksha’ft (
Position
Sensor
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R ’ ELECTRONIC CONTROLSr i )
. y T - UNIT XV R - '
Lo NAME ey -y !
L J L4 .. Rl oo . A
‘. . - . - )
oy s . . - TEST . \ . - .
. :\' . ) v . :
Lo . LA
~ - e, Match the ¢ompenents of an electromc contmlled onqme onﬁhe r.ghu‘ro their prope -
e v .. functions . - 1 . . oo
el "' e v :
ST . a  Monitors oxygen levels i the exhaust gases 1o 1 Oxygen sensor
__‘, . "7 provide information for carburetor adjust- T X\ ‘ .
’. . ment and igniton setting -+ . . 2 Barometric ] ’
. - ’ (I . e mressure . *
e S 5 . *__. b MNonitors): engine temperature -to provide °, sensor -, . oo . "
< < ! V! inforghat{on needed to ca|cuIaLe cold start and. - e ]
Cur oy ot . averheat settings- s .« . »3 Ambentar” . ';‘_g—‘
T, S . . temperature A
et T e ¢ A monitoring sensor whlch sendl§ ‘o, sig ’ .sensar ¢ Y el - TS
e . nals of dHfferent strengths depenqu on . - - N
S , ‘ y 1ts pdsjtiogr betwesi open and closed ’ - _'4 £tectronic cop . - e :' 2
v T ce oL . - © Yol modyté ", T,
AU O d. A sohd state eIecIrom(f Ignition system [, - ) ?.".Lf T " .
e o -, which providés .an extremg 6% tigh voltage " 5 Coodlant temper P
I S R Ty ,on the” secondary s:djae for .more etficent -+ | .ature'ser)sor T - e
." S spark . - *__ . . ":_.y--‘ \ﬁ\'
. . . ' p - % . - 6 Mamfold pres - e
R, . e. -Mom‘tor's,' yasition of pistons accordmg T suke sensos LT
o . " ’ = to crankshstt" pbsition Whieh - provides infor-” L. ’ ) R |
- N Tt ¢ -mation. for the ignition timing caleulations . 7. High energy - ... .
e ST , - £, 7S w %, odgnitiohe - - y
" oot f  Momitors air. pressures ob-the BGR and aue YL, e Ll
\ . M .~ imjection gystems to provide. information .8 Thyottle posi . s
.ot 0T &8 needed for ignstion, fuel, and: *combustuoh -~ 7 tionsensor’ - . °
.. - - ad]d‘stments - ] : g o . .
oo /’ . — . ' ’ 9. Crankshaft’
oo, . . g Momtors air temperature to provide informas sensor- : *
. . U _tion néeded to calculate fuel, 1gnition, and . o
’ C . . “tombustion settings . . 10 « Breakerless . ‘ ;
S ' - T, - distributor
N h* Mon*ors‘th&posmon of the throtfle plate to ; !
—— — - provide fuel and ignition setting information 11 EGRvalve
sensor
. An armature and’ stator assembly which ‘
R ) ' A replace the breaker’ plate or points as a 12. Transducer :
CI . . more efficient method of handling the higher A
. ' voltage of the electronic ignition system )
.- . , et N 7 . . , .
‘-] Momtors relative pyessure of the atmos .
' - phere to -provide a comparison figure for
L -, ., manifold messure calculatrons . . ‘
J\‘ L . . Do . . . .
. . - . N
Q . . . ? ‘0 L ..
ERIC 7 T L R - . .
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R & Explain,théoper?agon of ¥m electr

12 #3

onically controlled ehgire system

]

3. List theprocesses performed by the two units i, the edectronic control module.
-~ . 1 ] -

y .
a.  THe procedsor unit
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2 a. EGR wvalve sensot - . S *
b. Throttle position sensor . )
¢ Electronic control unit g

. N é
. ) ) , ) '
‘ d  Coolant, temperature sensor :

e Ambeent air temperature sensor

f. B'arometr'sc pressure  sensor ' .
3 T g Oxygen sensor or amamfold jpressure  sensor ’ ' ' . . T
h.  Crankshaft sensor 9 : '
- q
' High energy ignition ' . -
3. a. The processor unit ) ) o
. A 1) Analyzes sensor input signals continuously ~ " ' :
| -
| 2) Converts the signals to computer usable codes 3 - ‘
3) Calculates ignition timing . '
' 4) Calculates carburetor se;tmgs ‘ -
5) Provides constant voltage to sensors . : .

| 6) Sends electrical signals to ignition, carburetor, and other engine control

‘ solenoids (EGR, air injection, etc.)
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-:,’S RO . .‘11, Converts éen'sor- input In relation to specifications of engine application t
." . o r ) g > '
s> 0 2) Prowdes calibrated sinals to processor component
- .~ - > . .
: 4. Explanation should include. ,, , B :
‘ . a  Thesystem sensors monitor engine conditionscontinupusly :
b.  Signals are sent to the electronic control umt
h " . a
o The calibration component adjusts the signals to preprogrammed spectfigations
Lo d.  The processor components analyzes the signals and performs calculations ) ‘
’ . ) . 4
' e. Electrical signals are sent to appropriate control solenoids to.
. 1) Adjust timing ;
. . ‘
Adjust carburetor settings : j _ .
3) Regulate air injection and EGR flows
’ N . . U4 .
f . Emussions are regulated precns ly for most efficient operation of “the automobile ©
g. If .any malfuncffon occurs, the system_ automatically ad]usts spark advance to
- - approximately 10 degrees to permit vehicle operat|on L.
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P TESTING L S
- Lo UNIT XVI . ’

) ’ S » ) ! X <

- ’ UNIT, OBJECTIVE ‘ o

’ ., ‘l N - ' .
After COmp|eTIOI:1 of this unit; the student should be able to describe the procedures for g -

(estlng'an auto emissions system and perform selected tests to determine proper operation '
‘of the system This knowledge will be evidenced through demonstration and by scoring 85

- {)ercent on the unit test. ,
' - / /

SPECIFIC OBJEGTIVES ° :

\

After completion of this unit, the student should be able to:
I

V4 M -
1. Statg the purpose for testing auto .emission control systems.

2. Match emission control devices to the pdllutants which they control " .

3. State the general rules for testing which apply to all spark advance contro! dev ces.

[l [

- 4. Select items included pn a basic checkhst«for testing the normal operation of
emission control systems.

v - 5% List four steps which are in¢ludet in the dual diaphragm vacuum advance unit te_st.'

\ 6. State ‘the purpos'e for using the idle enricgment method of testihg egm)ssion .-
control systems. v . .
! ” A
, 7. Demonstrate tfw ability to: s

[ N
a. Perform a pasic check .of emission contrdl devices by using a checklist.
[} " :
* b.  Test a dydl diaphragm vacuum advance unit for proper operation.

c.  Adjust’ the idle of an engine using the artificial idle enrichmens method. .

-

.

s 4 I3
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- v TESTING
UNIT XVI

* ~

SUGGESTED ACTIVITIES

L4

.|ns;ructor:
A. Provide students with objective sheet

B Provide student with information and job s.heets
C. Make trans’parencies

D. Discuss unit and s;-)emffc objectives.

E. Discuss infosmation sheets. °

F. . D[emonstrate and didcuss the procedures outlined in the job‘sbeets.

G. Give test. 1

Student.

P

A Read objective sheet

B. Study information sheet .

C. Complete job sheets.

D Ta&e test. ) ‘ K
INSTRUCTIONAL MATERIALS

included in thi$ un|t:‘ \ (

: ’

A. Obijective sheet .

.

B Information sheet
- C. Transpargncy masiefsi
1 TM 1--Typical Emissm;n\Control Components
2. T™ 2--Em|ss:ion C;Jntrol System Checklist
3. TM 3--Dual Diaphragm UnTt Operation Tests

4. TM 4-Artificial Enrichment

-
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F.  Job sheets ’
' v .1 Job Sheet =1 Perform a Basic Check of Auto Emisgfon Control Devices
) R -2 Job Sf_qeet #2- Tc’Dual Duaphragm Vacuum Advance Units for Rroper
_Operaton
"3 Job Sheet #3 -Adjust Englne'ldle Using the Artificial Idle Enrichment
Method ..
(' ’
N * : . e
v G Test ) e - , ‘
. .
H  Answers to test - ) o ‘
{ References o . ' R
A‘ Ford Motér Cpaany 1978 Full Size Car Shop Manual. Détroit, Mich.- .
. . Helm, Inc, 1978 ® N
B General Motors Corporatlon 1979 Passenger Car Service Manual. Detroit,
. Michigan Service Section/General M‘@or&Corporatlon 1979.
C' Ford Motor Company. ,Veh/£/e, Emission C‘ontrol Systems. Detroit, Michigan:
. Serwce Pubhca'uons/Helm Inc, 1978.
) D General Motors Corporation Em/ssmn C‘ontro/ Systems Maintenance Manual.
Detroit, Michigan Service Section/General Motors Corporation, 1978.
E  Chrysler Corporation 1979 Chrysler-Pi/rmouth-Dodge Chassis-Body Serwce '
Manual Detroit, Michigan® Service Department, 1978. .
* 1] -
.é £ . > ‘
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) TESTING ‘ .
{ : ~ UNIT XV . .

. INFORMATION SHEET -

©

The purpd_se of testing th\auto emission control system--The purpose of testing |
the auto emission control system s to establish the most efficient opéfational
setting for maximum engine performance and lowest exhaust gas emission level

* -

[ Emissiort control devices and pol[utants (Transparency 1)-

>,

’ (NOTE* Emussion control deiucés are‘de5|g ed to control the three major nollu- -
tants. hydrocarbons [HC], carbon monomZE [COI, and mitrous oxides {NO, ] )

. . System Componenf or Device i : Pollutants "
A.  Heated air induétion HlC
. B. Positive crankcase ventilation (PCV) ’ * HC
. ? C. Carburetor calrbratiqn . ¢ HC, CO
D  Distributor design and calibration ’ HC, CO ‘ r
‘ E. 'Inltlal engine timing : HC, (;O, NOX‘ -
. 'F Air injection or pulse air . HC, CO
G. Sparﬁk advance controls S HC, Néx \
H: Exhaust gas; recirculatiorr (EGR) . ] NO, Y~ '
: [. Electric choke assist ) | HC, CO ‘
¢ :
J. EV?pUF&tIOh cuntrol system (gas cap, purgde cannister} . HC .
K. Catalytic converter (conventional) HC, CO
L. Catalytic converter (3 way) - . ’ HC, CO, NO,
111, -General rules for tésting 'compo'nents of spark advance cont;'o! systems .

(NOTE: These basic rules apply to testing spark advance control systems such as
transmission or speed contro! systems.)

' . A. If any system does not provide vacuum advance when the engine is either
: . cold or overheated, a temperature control unit is malfu nctioning

-(NOTE: A temperature contro! unit may be an arbient ajr temperature ‘
switch, a PVS/TVS switch or similar device.)

{

Y . ) ,
L

S —
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- Dual diaphragm vacuum advance unit test (Transparency 3) -

INFORMATION SHEET

. ' A

B If any system provides vacuum advance either at idle or when the'transmis-
sion 1s in the lower gears, or does not provide vacuum advance when the

* vehicle transmission 1s in high gear, a speed control. device, sglenoid, or

] .
scontrol module 1s malfuntioning

(NOTE The important point to remember about controlled spark advance
1s that vacuum spark advance is applied only during normal operating con-
ditions when the transmission is in high gear or the vehicle is at cruising
speed and the engine coolant is at normal operating temperature.)

Basic checklist for testing normal operation of emission control systems (Trans-
parency 2) ‘ N

(NOTE The basic check generally includes a visual inspection and minor equip-
ment use.)

A. Chéck diive belt condition and tension

B. Check ayr pump filter
i ,
. ‘N
Check condition and fit of hoses

o o

Check condition of fittings to air manifold > .
E  Check condition of fittings to exhaust manifold

F. Check operation of diverter and check valves

\ L3
G. -Check PCV&alve
H. Check ignition timing
' L}
I- Setengineidle speed .

J. Check condition of catalytic converter

(NOTE: The following steps are generally followed to determine proper operation
of a dual diaphragm vacuum advance unit although manufacturers usually require
specific RPM settings and allow only a specific RPM drop between settings.) .

A. Step 1 - Set imitial tming tQ manufacturer's sppcifications after removing
and plugging both vacuum hoses to the &dvance and retard connec-
tions

B. Step 2 - Test centrifugal advance by accelerating the engine and goting

N advanceron timing marks . . ..

: \

] '
v
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! ' INFORMATION SHEET

C Step 3 - Connect vacuum hose to advance‘:onnectud‘n and note increase n)
advance in degrees at fast idle s

’ \ D \Step4 -~ Cohnect vacuum hose to retard connection and note drop in
*advance at normal dle

. . 0

' Vi Purpose for using the idle enrschmqut method of testing emission control systems-- o
’ The idle enrichment method is used to adjust carburetor 1dle because-of factory set @
idle limiters and precise fuel metering systems built info today's carburetors

(Transparency 4)

(NOTE. Spec'n‘nc‘ instructions are provided by vehicle manufacturer Job Sheet #3
‘ , describes the basic procedures.) ) . ot
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. EXHAUST GAS RECIRCULATION

*EGR Control Valve \
oEGR Vacuum Ampttier |
v . . E *EGR Time Delay

: INTAKE MANIFOLD
elmproved Design

DISTRIBUTOR
eElectronic Igmition )
sReduced Tolerances
ePermanently Lubricated

/

COOLANT CONTROL
ENGINE VACUUM SWITCH {PVS;

CHARCOAL
- CANISTER

PVS
TEMPERATURE "
(EGR) VALVE

.

INCREASED
CAM OVBRLAP

AIR INDUCTION
AIR PUMP
(SOME FEDERAL ENGINES WILL USE ASPIRATORS OR PULSE AIR]j
;i .
Q .
ERIC "
s 3 O oo

.
.

| | " Typit:ql ‘Emission Control Components_

+ . - - -

CARBURETOR Y
eimproved Dusmbulnon .
ol eaner Mixture
eFaster Acting Choke Ejectric Assist
eExternal Idle Mixture Limiter
eSolenotd Throttle Stop
eGasoline Vapor Contro!
eldle Enrichment
eHeat Shield
eVarnable Ratio

COMPUTER CONTROL SPARK ADVANCE,

PRESSURE VACUUM
RELIEF FILLER CAP

LEADED-FUEL
RESTRICTOR

§

EGR DELAY TIMER

EGR DELAY ' . .
SOLENOID
FUEL TANK
EGR VACUUM P
- AMPLIFIER —~
/ ’ \\ . 2
ROLL-OVER VALVE

-

/ CATALYTIC CONVERTER
N ¥ ‘

CLOSED CRANKCASE VENTILATION .

HEATED .

INTAKE AIR .
. MANIFOLD CONVERTER ¢

ELECTRONIC SPARK CONTROL COMPUTER

EXHAUST PORT
AIR INJECTION

>

MODIFIED COMBUSTION CHAMBER
AND REDUCED COMPRESSION RATIO

§9¢ 03v




»

Y A T AEC 367

L d

' ' EmISSIOH ‘C(mtrol S‘y‘stem. ChBCk/IiSt |

1

©W © N o o P~ W

10.

Check Drive Bélt.Conditipn aﬁd -Tensibn o
Check Air Pump’ Filter

Check Condition and Fit, of Hases

Check Condition of Fittings to Air Manifo]d‘

Check Conditian " of Fittings to Exhaust Manifdld

Check Operation of Diverter anl Check Valves

Check PCV Valve .

Check Ignition Timing
Set Engine Idle Sbéed
Check Condition of Catalytic. Convérter

™ 2



3 . . .
. - 3 . 2 4

". S Dual’ Diaphragm Uﬁit \
D Operatlon Tes‘ts

Intake Mann‘old
Vacuum -‘Hgse
‘ - Step 1.

| . ‘Set Initial - | .
Carburetor

Vacuum Hose - 5. lgnition  Timing .Step |
N o

e L se

Test Centn'hgal

~'

‘ : "Carburetor - Advance Mechamsm :
acuum Hose™ \
. (Advanee) ' Step 3: L
‘ ‘ f ~ Test Spark Advance
) .- o 4
' \
-I,ntake Manifold
Vacuum Hose 3191}4.- .
(Retard)
| . —~ . Test Spark Retard
o f |
3"'7 | ™3

Aruitoxt provided by Eic:

-[Kc | L
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Y 5
Artificial Enrichment ¢ \; v
- ” Connect Propane ° .

: . Attachmentto

Hbse Adapter

| Disconnect PCV or
Air Purge Hose .-

Open Propane Valve
Slowly to Check Engine.
RPM Settings

~

Remove Air Pump Hose(s)
at Check Valve(s)‘

LAY
S T
[

™ 4
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TESTING
UNIT XV

D .
]
. Y

JOB SHEET #1-PERFORM A BASIC CHECK.OF AUTO EMISSION

A Check general anditIOI’L of .dnve Lelts and check tension using the belt

B

4

CONTROL DEVICES . -

Tools and equiment f

’ . ¢
A Belt tension tool ,' PR /
B Timing light ** A ! / ‘
C . Tathometer
D  Basic shop hagd tools
Procedure:

2

.tension tool ‘

' - . i

(NOTE: If cracked or frayed, replace and adjust tension according to manu-
facturer's recommendation. ) )

Check passageway and eléntent of air pump filter

(NOTE Replace if clogged or’wash to clean as needed.)

[
Check to see that all hoses are tightly cdnnected to tubes and cennectors and

that there are no kinks or deterloratlon present » ,

Check air lnjectlon fittings and tubing to insure they are-tight and clear of
obstruction .
Check air injection connections at exhaust manifold to be certain they
are tight "~ -

2

Perform basic functienal tests for diverter valve operation by interruptifig
vacuum supply to thevalve

,
]

4 A

Disconnect the PCV valve from rocker cover and shaker to determine opera-
tional st;\ltus o

o

Replace or recannect as needed . _ .
' B

’

Set ignition timing according to manufacturer's recommendations and
procedures .

Adjust engine idle speed according to manufacturer's recommendation
- and procedures
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| JOB SHEET #1

" .
K. Visually inspect catalytic converter to determine corrosion or other damage
ly and exhaust system

S

\

-
*
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.
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TESTING
UNIT XV

" JOB SHEET =2 -TEST A DUAL DIAPHRAGM VACUUM ADVANCE

UNIT FOR PROPE{OPERA‘NON ‘

Tools and equipment

A

A. Tachometer

é ‘Jlslmmg light .. | .

C h Shop hand tools ) il

D Hose plugs ) ) )

Procedure
Bring the engine to n;)}ma} operating temperature

B.  Shut off engine and attach tlmrlng light and tachometer )

C.  Start engine and adjust speed to manufacturer's specification

D'. . Disconnect and plug vacuum hoses to vacuum advance unit ’

E. Adjust eggine rpm as needed and set m|t|al ignition timing to manufacturer's
recommeridation

F.  Accelerate engine to approximately 1500 rpm and note timing advance by
centrifugal advance mechanism .
(NOTE: If advance is not present remove and-inspect distribution mechan-
ism and repair as needed ) . -

G. Connect vacuum advance hose and increase engine speed;to approxnmatelyl
1500 rpm

H. Note timing advance in degrees at idle and a fast idle

I. Connect retard vacuum hose to distributor unit

J. Note the amount of timing change in degrees

If no advance is noted in step H or no retard is noted In step J, replace the

' vacuum advance unit if vacuum 1s present at the hose connections

If no vacuum is bresenI, check for proper operat|0n of the PVS or for
loose or cracked hoses and replace faulty components

Stop engine and remove all equipment

{NOTE: Specific settings and test procedures are outlu%ed in the mariu-
facturer's shop manuals )

.
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f 41
JOB SHEET #3-ADJUST ENGINE IDLE USING THE ARTIFICIAL i
IDLE ENRICHMENT METHOD
l. Tools and equipment 7. ‘ ‘ .

A. Propane cylinder and attachment tools

-

*B Tachometer _‘ .
C (op hIand tools . | '
D. ;ose plugs v .

. Procedure

.-y
K. Block vehicle rear wheels and set parking brake before starting the engine
B. 1 Make all adjustmgants with engine fully warmed up, arr conditioning off,
headlights off, and idle stop solenoid grounded if so equipped’ - .

C. Attach a tachometer to the engine

(NOTE: Make ertain the tachometer s r‘ated for high energy ignition
system.) - °

D. Disconnect caphister purge hose from air cleaner and plug the connect-
oron air clefiner
(NOTE: Each manufacturer recommends a specific procedure on disconnect-
ing and plugging or leaving hoses and connectors unplugged. Follow manu;
facturer’s recommen'agatlon to make certain idle conditions are functional.)

. B Remove PCV hése assembly from air cleaner and plug the opening

.

F.  Allow PCV to draw engine compartment air 4

(NOTE" It may be necessary to remove air cleaner assemhly to perform
certain idle adjustments but it must be replaced each time to adjust’car-
buretor idle to specifications.) .

e e e e e v e B e e e e o~

G Adjust curb idle speed‘to manufacturers recommendations -
(NOTE: On vehicles equipped with electronic spark control 1t is neces-
| sary to allow the engine to run at fast idle for a few seconds then wait for.
approximately one minute while engine is at curb idle before'performing the'
adjustments.) » - ' *

‘ '
»
. ~ ’
[
: \
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Disconnect and plug air injection supply Imes if engine 1s so equped '

Connect propane adapter hose to the dlrmqe hose so that propane W|Il bé
drawn into carburetor port nipple (Figures 1 and 2) .-
(NQTE' Some manufacturers prefer to connect the propane attachment to
the air cleaner assembly using the-air purge hose inlet connector.)

R ) N * -

Hose to

.Carburetor Fiatting

(Choke Vacuum
Diaphragm)

FIGURE 1

v
J
K
’ L
v, M

speed 1s set

s N
Propane Metering Valve ’

Main Propane Valve

FIGURE 2
=% (

o

i -

ldie Speed Adjusting Screw

Propane Supply Hose.

Slowly open the propane sup;ﬁly valve and@bserve the engine speed jncrease

.

Continue to increase propane supply until maximum engine rpm is reached

(NOTE" Enqme speed will begin to increase as propane Is added but will
decrease when too much propane I1s provided. Ad’JUSt propane flow until

maximum rpm is rpaintained. Be certain to keep the propane bottle vertical

to ensure constant flow ) P

With propane on, ad;ust idle speed screw to manufacturer's specifications for

enriched rpm . .

Readjust propane flow if needed but do not change once proper enriched
4

| 4

%
Qlaphrqgvmakﬁse —

Choke Vacuum Diaphragm 5’

‘ )”
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FIGURE 3 -

5T0P o

Fule R:uo@)sﬂum' FULL LE»“«N P()S.lhr)’\.‘ . . FULL;iICH POSITION FULL LEAN POSITION
: ‘ —
. * e
O. After the curb 1die"has been adjusted for smooth operation, turn propane
. flow on to determine if idle speed has been affected e
P. If \dle speed has changed to 25 rpm different from previous setting, repeat ’

. Remove all equipment and reconnect all hoses for normal operation

- C _ ABC 379

:,JOB SHEET #3

. eo, .

Adjust dle muyture screws for smoothest curb idle with propane turned
o_ff ’ ’ - ’ < ’

(NOTE- €urb idle should be at manufacturer’s specifications shown on -
Emuggions. Centrol Decal. It may be necessary to remove idle mixturg hmiter

to adjustproper idle. If remdved they must be replaced with the tab against

the maximum rich stop. Soaking the caps in hot water allows for easier
replacement See Figure 3 )

[

—

- !

MITER STOP CIMITE STOP L'MITER STOP LIMIBER !
|

1

¥ “ %
BE=T- - L

_— e

steps | through |

Turn off propane supply and stop engine

{NOTE Engine rpm may increase after connecting g1 hoses but do not
readjust. Vehicle is now set.to meet federal requirements. A system check
using an infrared engine analyzer will verify emissions levels. Since the
analyzers are different, follow manufacturer's instructions on proper use.)
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TESTING L ;

. ~ C UNIT XV
.

NAME®

TEST

1 State the burpose for testing the auto emission control sgstem

L4 I: >‘ ’ . )

2. Match the pollutants on the right to the appropriate emission cohtrol devices by
placing the correct abbreviations In the blénk beside the following devices.

.
.

BUNCTION T , ' .
.‘ : a Carburetor calibration " 1. HC
b. Airinjection or pulse air ) 2. CO - S~ R '
. ¢ Spark advance controls © 3. NOy (
- . d.tlec‘tr_uc choke assist - e L.

‘ ‘ e. Heated air induction ~ .
. . ~ , - Y .

f. Distributor design and calibration

' -

g. Positive crankcase ventilation (PCV) )

h. Initial engine timing .

. Exhaust gas recirculation (EGR)

. , j. Catalytic converter (conventional)

v i k. Evaporation control systeim (gas cap, purge cannister)

- ‘ -

I. Catalytic converter (Three way) .

3. State two general rules for testing which apply to all spark advance control devices.

-~
.




"~

\

4  Select items which are included on a basic checklist'for testing the normal operation of
emission control systems by placing an " X" in the appropriate blanks’

a. «Set engine idle speed
b. Check PCV valve '

Ld
. c. Check condition of fittings to.air manifold

. d. C'heck condition of crankshaft

e. Check air pump filter-

\ f. Check ignition timing . ' o

g. Check operation of éxhaust valves

. h. Check drive belt condition and tension

5. List four steps which are included in the dual diaphragm vacuum advance unit test.

a. .
4 K ,
b. i ' "
c. - a
d. : -
\
6 State the purpose for using the idle enrichment metHod of testing emission control
systems
7. Demonstrate the ability tp” .

’

a. Perform a basic check of emissuon control devices by using a checklist

! b. Test adual diaphragm vacuum advance unit for proper Operatnon
N - i -

c Adjust the idle of an engine using the artificial 1dle enrichment method.

(NOTE- If these activities have not been accomplished prior to the test, ask your
instructor when they should be’completed.)

\
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. [l

. , b .
1 The purpose of testing the auto emission control system is to establish the most

efficient operational setting for maximum engine performance and lowest exhaust
gas emission level

hd 9

2. a. HC, CO ' g HC

b. HC, CO h  HC %0, N'Ox
' c. HC.NO, . i NOy .
d. HC,CO i HC/CO ' e -

e. HC ’ k. HC
. HC CO . HC, CO, NO, ‘

3. a \If any system does not 'provic‘ie vacuum advance when the €ngine i1s either cold or

‘ overheated, a temperature control unit isﬁmalfunctionmg

b. If any system provides vacuum advance either at idle or when the transmission is
, - in the lower gears,or does not provide vacuum advance when the transmission is in
high gear, a speed control device, selenoid, or control module is malfunctioning

4. a,b,cefh ) o ‘ .

. 5. a.  Set initial timing to manufacturer's specifications after removing and plugging .
o both vacuum hoses to the advance and retard connections

b.  Test centrifugal advance by accelerating the engine and noting advanca on timing
marks ’ '

by
- .

c.  Connect vacuum hose to advance connection and note increase In advance in -
degrees at fast idle ’

S

« . 4
d.  Connect vacuum hose to retard confiection and note drop in advance at normal
idle .

6. The idle enrichment method 1s used to adjust carburetor idle because of factory set
| : idle limiters and precise fuel metering systems built into today's carburetors -

7. Performance skills evaluated to the satisfaction of instructor

{
3
}
|
- -
& ‘

l \‘1 | ’ . . .« ) N -
. ERIC T | o
t‘_._

&



